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PART IV RECOMMENDED IM/IRA ALTERNATIVE 

Part IV provides the conceptual design of the proposed general response achon (GRA) 
to close/remediate the Solar Evaporabon Ponds (SEPs), also known as Operable Unit 4 (OU4) 
and Individual Hazardous Substance Sites (MSSs) 101 and 176 Part IV also presents the 
strakgy to close Budding 788 (Resource Conservabon and Recovery Act (RCRA) Units 21 and 
48) and Budding 964 (RCRA Unit 24) Sechon IV 1 contams a general programmahc summary 
of the project actwihes that will be performed Sechon IV 2 provides the funchonal design 
requlrements and the specific design cntena that must be complied with in order for the SEP 
closurdremediahon system to achieve the established goals and objechves Sechon IV 3 
presents the conceptual design for the closurdremediahon system which is summanzed in 
Secbon IV 1 Sechon IV 4 provides a waste management plan idenbfying the wastes that will 
be generated as the project is implemented A list of the specificabons that wlll be prepared 
dunng the demled design penod is presented in Sechon IV 5 Secbon IV 6 provides work plans 
for engineenng ophmizabon studies that will be implemented dunng the dealed design penod 
to provide the informahon which is required for design complehon This sechon also contams 
a conceptual-level construchon schedule to implement the design Sechon IV 7 presents a 
conceptual-level construcbon cost eshmate A construchon quality assurance plan is presented 
in Sechon IV 8 Sechon IV 9 discusses health and safety considerabons for the construchon 
acbvihes Secbon IV 10 assesses the nsks associated with the proposed GRA, idenbfies any 
environmental impact, and compares the environmental impact from the proposed GRA to the 
no-achon GRA Sectron IV 11 presents how the design will comply with the identified 
Applicable or Relevant and Appropnate Requirements (ARARs) and proposes to establish a 
Correctwe Achon Management Unit (CAMU) as necessary to administrahvely implement the 
proposed achon Sechon IV 11 also proposes to establish a temporary unit (TU) for the 
processing of OU4 sludge and pondcrete 

0 
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I N.l GENERAL PROJECT DESCRIPTION 

The following secbon provides a general descnpbon of the acbvihes that will be 
performed as part of the OU4 Intenm Measurehtenm Remedial Acbon (IMIIRA) 
closure/remediabon plan The vadose zone as defined for the closurehemediabon acbvibes is 
the soil mterval from three inches below ground surface (bgs) to the elevabon of the mean 
seasonal high ground water elevabon This defmibon was adopted so that the 
closurehemediabon acbvibes would not address soils that are expected to be seasonally 
saturated The Phase 11 RCRA facility invesbgabon/remedial acbon (RFI/RI) will focus on 
invesbgatmg the phreabc zone (saturated zone), and will determine if ground water remediabon 
is required A dewled engineenng descnpbon of the closure/remediabon design is presented 
in Secbon IV 3 

e 

I 

IV.l.l Description of the Selected Alternative 

DOE will uhlize a combinabon of the vanous alternabves that were proposed and 
descnbed in Part I11 of this document under General Response Acbon I1 to close/remediate the 
OU4 SEPs Although the no acbon alternabve was eliminated in Part I11 of this document, it 
wdl be camed throughout Part IV for companson to the selected remedial alternabve The 
locabon of the final engineered cover and reclamed areas are shown on Figure IV 1-1 
Contarmnated remediabon waste from within OU4 and IHSS 176 will be consolidated beneath 
the final engineered cover In addibon, the SEP sludge and pondcrete remediabon wastes and 
debns from the demolibon of Buildings 788 and 964 will be disposiboned beneath the final 
engineered cover The closure will comply with all the identified ARARs (Secbon IV 11  2) 
Secbon IV 1 1  4 presents the jusbficahon to establish a CAMU to facilitate the consohdabon and 
closure Secbon IV 11 5 provides a justificabon to establish a TU for processing sludge and 
stonng processed sludge and pondcrete pnor to their disposibon beneath the final engineered 
cover All SEP liners, berms, and contaminated vadose zone soils beneath IHSS 101 and a 
porbon of IHSS 176 will be excavated to the mean seasonal high ground water elevabon as 
calculated from histoncal data collected at wells surrounding the SEPs The liners will be 
crushed after excavabon and mixed with excavated contaminated soil, and OU4 sludge and 
pondcrete to produce a homogenous waste form that will equally settle over bme and comply 
with the construcbon compacbon requirements Contaminated surficial soils and vadose zone 
soils within OU4 and surface soils in IHSS 176 at concentrabons exceeding the Preliminary 
Remediabon Goals (PRGs) will also be excavated The waste mixture, along with debns from 
RCRA Units 21, 48, and 24 that cannot be decontaminated, will be consolidated above a 
subsurface dmnage layer since vadose zone soil contaminants found beneath the SEPs and other 
matenal/debns contaminants have the potenbal to impact ground water quality This 
homogeneous waste mixture and debns will be consolidated within the area of the exisbng SEP 
207-A, 207-B Senes SEPs and IHSS 176 Secbon IV 3 1 1 provides dewls concerning the areas 
that will be excavated and presents maps depicbng the mean seasonal high ground water 
elevabon and the vadose zone thickness A subsurface dmnage layer will be constructed just 
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above the elevahon of the mean seasonal high ground water elevahon The subsurface dmnage 
layer is a mhgahve measure that wll provide a means to prevent any future nsing ground water 
from contachng the consohdated hazardous liners, sludge, pondcrete, debns and contaminated 
soil 

Engmeered Cover Alternahve 6, as descnbed in Sechon I11 3 2 1 (Figure I11 3-8), will 
be constructed over the consolidated matenals Engineered Cover Alternahve 6 was selected 
for the final engineered cover because it has the highest potenhal to prevent infiltrahon of 
precipitahon into the consolidated contaminated matenals dunng the specified 1 ,OOO-year penod 
The final engineered cover system, in conjunchon with the physical site charactenshcs, must 
protect human health and the environment from the contaminants in the hazardous waste 
matenals for 1,OOO years as required by the State of Colorado hazardous waste landfill sihng 
cntena (6 CCR 1007-2) Engineered Cover Alternahve 6 is best suited to meet the 1,OOO-year 
design cntena because it uhlizes all naturally occunng matenals and is expected to mantarn the 
longest integnty of all of the final engineered cover alternahves 

The hners and contammated media from SEP 207-C will be excavated, crushed, and 
consohdated beneath the final engineered cover and above the subsurface dmnage system The 
excavated area within SEP 207-C will be clean-closed since the closed area will not be beneath 
the final engmeered cover The soils beneath Building 788, located between SEP 207-C and 
SEP 207-A, will be excavated and consolidated beneath the final engineered cover The soils 
from IHSS 176 will also be excavated and consolidated beneath the final engineered cover The 
depth of the excavahon wdl not extend deeper than the mean seasonal high ground water 
elevahon Soil samples will be collected dunng the excavahon of SEP 207-C and the areas 
adjacent to the SEPs undergoing remediahon and analyzed to a d  in the determinahon of the 
ophmum extent of soil removal Samples will not be taken from excavabons beneath the final 
engineered cover since all the matenal will be excavated to the mean seasonal high ground water 
elevahon Sechon IV 8 provides the deals for the sampling and analysis program Excavahon 
may be terminated when the mean seasonal high ground water elevahon is encountered This 
document assumes that all the soils beneath the configurahon of the final engineered cover will 
be excavated to the elevahon of the mean seasonal high ground water elevahon and consolidated 
above the subsurface dmn Contaminated soils beneath this elevahon will not be remediated 
as part of the OU4 IM/IRA Remediahon of these saturated soils will be deferred unhl after the 
Phase I1 RFI/RI is conducted and it is determined if ground water remediahon is required 

@ 

Engineered Cover Alternahve 1, as descnbed in Sechon I11 3 2 1 (Figure I11 3-3), will 
be constructed over SEP 207-C, areas that are remediated adjacent to the SEPs, and over the 
porbons of the SEPs not covered by the full extent of the final engineered cover (the toe of the 
final engineered cover) A more protechve final engineered cover will not be required for these 
areas because all of the SEP matenals and contaminated media with Contaminant of Concern 
(COC) concentrahons exceeding PRGs will be removed Engineered Cover Alternahve 1 will 
also be constructed over other areas in OU4 and IHSS 176 where contaminated surface soils are 
excavated for consolidahon under the final engineered cover Sampling and analysis will be 
conducted to venfy that all of the contaminahon has been removed such that only the allowable 
concentrahons reman within the reclamed areas Engineered Cover Alternahve 1 will be used 
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essenhally to re-estabhsh grade and prevent erosion over areas where all contaminahon has been 
removed Figure IV 1-1 depicts the areal extent of the final engineered cover and the reclzumed 
area The loahon of the final engineered cover has been configured to address the different 
types of contammated media and the physical constmnts of the site (1 e , the hillside to the 
north, other WETS facihhes, and the potenhal for a high ground water elevahon in the 
southeastern area of the site) 

The WVRI results indicate that surficial soils and vadose zone soils adjacent to the SEPs 
(northern areas) have COC concentrabons which exceed the applicable target level concentrahons 
(PRGs or background concentrahons) Surface soils immediately south of SEP 207-A with COC 
concentrahons exceeding the PRGs will be excavated and consolidated under the final engineered 
cover 

Hillside soils with the COC concentrahons exceeding the surface and vadose zone soil 
PRGs will be excavated from the area between the SEP northern berms and the intersechon of 
the piezornetnc surface and the topographical surface (Figure IV 1-2) will be excavated and 
consolidated beneath the final engineered cover The soils downgradient from the intersechon 
of the piezometnc surface with the topographic surface have both surface and vadose zone soil 
contammahon These soils may not be excavated for remediahon since the source of the 
contaminahon is likely to be the ground water that seeps to the surface The Phase I IM/IRA 
does not formally requlre the remediahon of these soils that may be impacted by ground water, 
however, surface soils in this region may be excavated since the north hillside will be regraded 
as a funchon of construchng the final engineered cover The closure of the SEPs does not 
address the ground water and the seep areas The ground water seeps and downgradient soil 
media will be addressed dunng the Phase I1 RFI/RI Remediation of these areas (as required) 
will be conducted as a separate project In addihon, remediahon of the areas surrounding 
WETS Buildings 783, 780, 780B, and 786 will be deferred because of exishng operations in 
these areas Remediahon of this industnal area, including soil and ground water, will be 
addressed when the industnal area operable unit is closed It should be noted that the industnal 
area operable unit wlll provide a mechanism to decide whether remediation will occur under the 
closure of the buildings or on a yet-to-be-determined expedited schedule Remediahon of the 
OU4 area between the secunty fences will also be deferred This area will be addressed in the 
future when the secunty area is closed 

Surface soils north of the penmeter secunty fence (buffer zone) that are within the OU4 
boundary and have COC concentrabons exceeding the surficial soil PRGs will be excavated and 
consolidated beneath the final engineered cover The excavated soils will be replaced with clean 
imported backfill Contamination of the surface soils within this region of OU4 is not likely to 
be from ground water seeps because the Interceptor Trench System (ITS) and dramage ditches 
exist along the access roads to intercept seepage flows There are no seep areas in this region 
In addihon, the contaminants in this region are not all the same as those detected in the vicinity 
of the SEPs The clean backfill is not likely to become contaminated from the ground water 
seeps because the peviously menhoned ITS and dramage ditches separate the seep areas from 
the areas north of the site penmeter fence No vadose zone contaminahon has been identified 
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north of the secunty fence If vadose zone contaminahon is discovered dunng the venficahon 
samphg, the sods wdl not be remediated as a funchon of the Phase I IM/IRA These soils will 
not be remediated due to the presence of the ITS within thls area which could be impacted if 
vadose zone sods were excavated The ITS is currently collechng ground water and is expected 
to contmue to be used m the future for a ground water collechon system The effechveness of 
the ITS wlll be evaluated as part of the Phase I1 RFI/RI Therefore, any contaminated vadose 
zone soils will be remediated (if necessary), at the complehon of the Phase I1 RFYRI The 
surface sod excavahon/remediahon and reclamahon of this buffer zone area is proposed in the 
IM/IRA to provide a means to protect human health and the environment from the upward 
exposure pathways since the final remediabon of this area will occur after the Phase I1 RFI/RI 

The vadose zone soil in the area immediately south of SEP 207-C is contaminated, but 
its remediahon wdl be deferred because it is adjacent to Buildings 783,784,786, and 787 where 
ongoing WETS operahons will restnct access, however, any contaminated vadose zone soils 
m this region that he within the limits of excavabon will be excavated and consolidated beneath 
the final engineered cover Therefore, excavahon of the vadose zone soils from the area south 
of SEP 207-C will begin approximately 15 feet from the exishng industnal area fence line The 
15-foot area will allow room for excavation without impacting the fence line or the RFETS 
industnal operahons There is also vadose zone soil contamination just south of the SEP 207-A 
adjacent to the berm This matenal will be excavated and consolidated beneath the final 
engineered cover 

Contaminated surface soils within IHSS 176 east of the B senes SEPs, but not beneath 
the final engineered cover, will be excavated and consolidated beneath the final engineered 
cover Engineered cover Alternabve 1 will be constructed over areas where soils have been 
excavated for remediahon to establish a final grade and vegetahve cover Vadose zone soils 
within IHSS 176 beneath the final engineered cover shall be excavated to the elevahon of the 
mean seasonal high ground water elevabon OU4 sludge and pondcrete currently being stored 
in tanks and tents, respecbvely, will be processed and consolidated beneath the final engineered 
cover 

Samples will be collected for COC analysis to venfy that all the contaminated soils that 
exceed their respechve PRG levels have been removed from areas outside the footpnnt of the 
final engineered cover that are bemg remediated Secbon IV 8 provides a methodology for 
conduchng the conformahonal sampling and idenhfies the COCs for analysis Excavated areas 
will be regraded with imported clean topsoil (as required) and seeded (Engineered Cover 
Alternahve 1) as presented in Section I11 3 2 1 

DOE will consolidate the OU4 investigation-denved matenal (IDM), which consists of 
dnll cuthngs from the OU4 bonngs, beneath the final engineered cover to help establish the 
grade for the construchon of the final engineered cover There are approximately 200 drums (30- 
gallon capacity) of dnll-cutting soils resulting from the OU4 RFI/RI program There will also 
be IDM generated from the Phase I1 program that may be consolidated beneath the final 
engineered cover if it is generated pnor to the construction of the final engineered cover 
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components It w d  not be necessary to sample and analyze the dnll cutbngs because this 
matenal results from the OU4 RFI/RI sampling Therefore, the COC concentrabons in the dnll 
cumngs are similar or equal to the concentrabons in the soils that are being consolidated beneath 
the final engineered cover Only OU4 IDM will be consohdated beneath the final engineered 
cover The drums will be decontaminated (if necessary as determined by WETS Standard 
Operabng Procedure FO 03) and returned to the waste management program for re-use 

The debns from the excavated and removed ubhbes will be size-reduced and deposiboned 
beneath the final engineered cover These matenals will consist of segments of excavated 
piping, excess soils from the excavabon of the ublibes, and debns fram the foundations of 
Buildings 788 and 964, and other OU4 subgrade structures adjacent to the SEPs (I e , concrete 
catssons and footers) These matenals will be size-reduced and posiboned as necessary to ensure 
that they will not cause unequal subsidence of the final engineered cover In addibon, 
contaminated remediabon waste from Buildings 788 (RCRA Units 21 and 48) and 964 (RCRA 
Unit 24) will be consolidated beneath the final engineered cover if it cannot be effecbvely 
decontaminated 

DOE performed a geotechnical evaluation to determine if it is necessary to stabilize the 
northern hillside to prevent landsliding that could occur as a result of natural slope stability 
condibons and the addibonal load of the final engineered cover The results of the geotechnical 
invesbgabon of the hillside, in conjuncbon with slope stability modeling are discussed in Secbon 
IV 6 1 

The remaning secbons of Part IV present the conceptual design dekuls and a descnption 
In additron, modeling results are presented that demonstrate that the closure of the design 

system will be protecbve of human health and the environment for 1,OOO years 

IV.1.2 Classification of the Selected Alternative 

Per DOE Order 6430 lA,  United States Department of Energy General Design Cntena, 
a nuclear facility (special facility) is defined as, "A facility whose operabons involve radioacbve 
matenals in such form and quanbty that a significant nuclear hazard potenhally exists to the 
employees or the general public Included are facilibes that (1) produce, process, or store 
radioacbve liquid or solid waste, fissionable matenals, or tnbum, (2) conduct separabon 
operabons, (3) conduct irradiated matenals mspecbon, fuel fabncahon, decontaminabon, or 
recovery operabons, or, (4) conduct fuel ennchment operabons " The remediated SEPs will 
be classified as a nuclear facility because they will ulbmately store solid radioactive waste 
matenals As discussed in Division 13, 1300-1 2 of the General Design Cntena, 20 different 
types of special facihbes have been designated The most appropnate designabon for the SEPs 
is that of a Radioacbve Solid Waste Facility A more dekuled discussion of the special facility 
applicability and its effects on the design of the remedial alternative for the SEPs is provided in 
Appendix IV A 
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The Rocky Flats Environmental Technology Site Conduct of Engineenng Manual 
(COEM), 2-DOS-COEM-6 3 6, "Classificahon of Systems, Components, and Parts," provides 
a method and cntena for the classificahon of systems, components, and parts to provide a level 
of design, procurement, and quality assurance commensurate with the safety funchon of the 
system The classificahon of systems, components, and parts at the RFETS invokes a graded 
approach of ensunng that all phases of design, construchon, and repau work are subject to levels 
of review and control commensurate with the safety funchon of the system, component, or part 
Four system categones have been designated at the RFETS System Category 1 is composed 
of those systems, components, or structures, including porbons of systems, whose falure could 
adversely affect the environment or the safety and health of the public System Category 2 is 
defined as systems, components, or structures, including pomons of systems, whose falure 
could reasonably be expected to inhibit or prevent a Category 1 system, component, or structure 
from performing its mtended vital funchon System Category 3 includes those systems, 
components, or structures, including pomons of systems, which provide a margin of protechon 
for personnel or the environment, but which do not perform vital safety funchons as defined in 
the basis for Category 1 and Category 2 items Lastly, System Category 4 is defined as those 
systems, components, or structures, including pomons of systems, that do not meet any of the 
cntena for classificahon in Category 1, 2, or 3 

0 

An example of a System Category 3 includes, "Systems providing contamment for 
radioachve contaminahon or matenal as defined in HSP 18 02 '' Based on this example, the 
remediated SEPs have been designated as a System Category 3 Systems, components, and parts 
that have been designated as System Category 3 and 4 are, by definihon, classified as Non- 
Safety Class (NSC) NSC is defined as any system, component or part which is not required 
to ensure a System category 1 or 2 system performs its vital safety funchon(s) All N s c  items 
may be purchased as commercially avalable without procurement specificatrons The DOE 
cognizant engineer may specify addihonal inspechon and/or teshng requirements for NSC items 
and impose select addihonal inspechon and/or teshng requirements through the use of 
procurement specificahons, in accordance with COEM 6 5 14, "Engineenng Standards for the 
Procurement, Receipt, and Control of Safety Related Items " The addihonal inspechon and/or 
teshng requirements may be imposed to ensure a parhcular level of quality commensurate with 
engineenng design, DOE, or other regulatory requirements 

0 
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IV.2 DESIGN BASIS FUNCTIONAL REQUIREMENTS 

The following sechon addresses the funchonal objechves of the proposed alternahves and 
presents the dehled design requvements which the final engineered cover systems must meet 
or exceed The design codes, standards, and DOE Orders that must be adhered to are idenhfied 
in this sechon In addihon, assumphons and constmnts or limitahons that may have an impact 
on the design are specified The design basis will be used to guide the demled design of the 
SEP closurdremediahon IM/IRA 

IV.2.1 Functional objectives 

I V 2 1 1  The overall OU4 closurdremediahon design shall mihgate surface soils, 
subsurface soils, and hazardous waste COCs such that established PRGs are met 

IV 2 1 2 The SEP facility shall be closed such that it will control, minimize, or eliminate, 
to the extent necessary to protect human health and the environment, the release 
of hazardous waste, hazardous constituents, leachate, or contaminated runoff to 
the ground water, surface waters, or the atmosphere 

IV 2 1 3 Contaminated media and OU4 remediation wastes that can be remediated by this 
IM/IRA shall be consolidated within the CAMU to the maximum extent 
pracbcable 

I V 2 1 4  The construchon of the OU4 closurdremediahon IM/IRA shall be conducted in 
a manner which minimizes exposure to environmental hazards 0 

IV 2 1 5 The OU4 facility shall be closed with a cover system designed to 

Provide long-term minimization of the migrahon of liquids through the cover 
and the underlying matenal, 

Funchon with minimal short-term mamtenance and no long-term mantenance, 

Promote surface dmnage of precipitabon away from the final engineered 
cover, 

Minimize damage to the cover from erosion or abrasion, 

Accommodate settling and subsidence so that the integnty of the cover and the 
subsurface dmn is manmned, and 

Have a permeability less than or equal to the permeability of exishng natural 
subsoils 
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IV 2 1 6 Any hazardous wastes (liners, contaminated media, soils, uhlihes, or Building 
788 and 964 debns) in the SEP facility must be kept isolated from the ground 
water to be protectwe of human health and the environment for 1,OOO years 
Constructed hydraulic barners or subsudace dmns should be considered in 
addihon to the cover system for control of shallow ground water migrahon 
through the SEP facility area where the hazardous wastes and contaminated media 
are consolidated and to prevent a nsing ground water elevahon from contactmg 
the consolidated hazardous wastes. 

IV 2 1 7 The overall SEP facility closurdremediahon design shall be demonstrated via 
modehng and qualitatwe assessment to be protechve of human health and the 
envlronment from contaminated media for 1,OOO years 

IV 2 1 8 The overall IM/IRA closurdremediatton will meet the clean-closure requirements 
for the RCRA Uruts 21, 48, and 24 

IV.2.2 Design Requirements 

IV221 The SEP facility cover system shall 

Minimize the migration of liquids through the cover and the subsurface with 
a system of evaporabon, transpirahon, lateral dmnage pathways, and hydraulic 
barners that will resist infiltrabon through the cover system and divert any 
external or infiltrated liquids away from the closed SEPs, 

Funcbon with minimal mamtenance by providing the following 

- An ophmal slope to the cover system that shall promote dmnage while 
minimizing erosion The cover system maximum erosion rate shall not 
exceed 2 tons/acre/year, in accordance with U S Environmental Protection 
Agency (EPA) guidance (EPA, 1989b), 

- A biohc barner to deter plant and animal intrusion into the underlying 
contaminated media, and 

- A final vegetated surface of nabve species that are drought resistant, do not 
require mamtenance, are the dominant species to grow after a brush fire, 
and provide a dense, uniform cover, 

Provide a stormwater management system that shall accommodate a 25-year, 
6-hour storm event dunng construction of the final engineered cover (DOE 
Order 6430 l A ,  Chg OOl), 
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a 
Promote dmage of precipitahon by providing a side slope not greater than 20 
percent (Side slopes may be steeper where the cover construchon area is 
constmned, but addibonal erosion control and slope stability measures shall 
be considered ) 

Accommodate settling and subsidence such that the side slope shall remam 
between 18 and 20 percent after subsidence, 

Have a hydraulic bamer with a hydraulic conduchvity that shall not exceed the 
average subsurface soil hydraulic conduchvity , and 

Meet all applicable requirements of the State of Colorado hazardous waste 
regulahons 

IV 2 2 2 All contaminated media that will be placed under the final engineered cover, and 
that could have an adverse impact on ground water quality as demonstrated by 
leaching models, shall be protected from contact with ground water 

I V 2 2 3  All contaminated media beneath the SEPs and the pomon of IHSS 176 where the 
cover will be situated shall be excavated to the mean seasonal high ground water 
elevahon, if necessary, and consolidated beneath the final engineered cover 

I V 2 2 4  All remediahon waste from the clean-closure of the RCRA Units 21, 48, and 24 
that is not prachcable to be decontaminated for free-release shall be consolidated 
beneath the final engineered cover 

IV 2 2 5 The overall SEP facility closurdremediahon design shall 

Be demonstrated to be protechve of human health and the environment for 
1,0oO years using qualitahve assessment and results from computer models 
such as 

- 
- 
- 

- 

HELP, Version 2 05 (EPA code for infiltrahon assessment) 
VLEACH, Version 1 02 (EPA code for vadose zone transport) 
MYGRT, Version 2 0 (Electrrc Power Research Institute (EPRI) code for 
ground water impact) 
VS2DT, Version 2 0 (U S Geological Survey Code for predictmg the 
extent of contaminant leaching from a volume of unsaturated porous 
matenal) 
XSTABL, Version 4 10 (Propnetary code for slope stability modeling) 
Soil Prop, Version 2 1 (Environmental Systems and Technology, Inc 
code for eshmahon of unsaturated soil hydraulic propemes from particle 
size distnbuhon data) 

- 
- 
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Meet all applicable requlrements of the 

- 
- Federal regulabons, - 
- 
- 

Interagency Agreement (IAG) for the RFETS, 

State of Colorado hazardous waste regulabons, 
DOE Orders and Direcbves, and 
RFETS standards and design cntena 

IV 2 2 6 The SEP facihty wlll be closed with the exrsbng SEP hers relocated and 
consolidated under the cover system The SEP hners shall be crushed to a 
minimum appropnate size range and mixed with contaminated soils as necessary, 
to provide a compacted layer under the final engineered cover system of uniform 
average composibon and thickness 

IV 2 2 7 The SEP facility will be closed with the OU4 sludge (currently stored in tanks) 
processed and consolidated under the final engineered cover system The sludge 
will be processed and mixed with contaminated soils as necessary, to provide 
appropnate compacbon for disposibon beneath the final engineered cover system 

IV 2 2 8 The SEP facility will be closed with the OU4 pondcrete (currently stored on the 
704 pad) relocated and consolidated under the final engineered cover system The 
SEP pondcrete will be processed, crushed to a minimum appropnate size range, 
and mixed with contaminated soils, as necessary, to provide appropnate 
compacbon for disposibon beneath the final engineered cover system 

Contaminated OU4 soils from the hillsides north and east of the SEP facility 
between the berms and the intersecbon of the piezometnc surface the the 
topographic surface and from the buffer zone shall be excavated to remove all 
soils with COCs above PRGs These soils will be consolidated and compacted 
beneath the final engmeered cover system boundary to adequately support the 
cover system Contaminated surface soils from the OU4 buffer zone and surface 
soils from IHSS 176, shall be excavated and consolidated beneath the final 
engineered cover or as vadose zone soils under SEP 207-C (as appropnate) 
Venficabon sampling will be required to demonstrate that the remediation 
excavabon is complete 

The hillsides north and east of the SEP facility shall be considered with respect 
to landsliding and surface erosion If necessary, the hillsides will be stabilized 
to mibgate the potenbal for degradabon of the structural integnty of the cover 
system 

I V 2 2 7  
a 

IV 2 2 8 

I V 2 2 9  Underground utilities, aboveground utilities, and structures and equipment (RCRA 
Units 21, 48 and 24) within the boundary of the SEP facility cover system shall 
be either abandoned and closed in place, removed, relocated, decontaminated (if 
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prachcable), or consolidated under the final engineered cover Locahons of 
uhhhes to be removed shall be venfied, as necessary, to effect removal Any 
excavated uhlibes, structures, or equipment will be considered remediahon waste 
Removed uhhhes, structures, or equipment will be surveyed for contaminahon, 
and segregated as contaminated and non-contaminated matenals Contaminated 
matenals shall be decontaminated, as prachcable, for free-release Any matenals 
that cannot or will not be decontaminated shall be consolidated under the final 
engineered cover Underground uhhhes and other structures and equipment 
withm the boundary of the SEP final engineered cover system shall be managed 
as follows 

IV 2 2 9 1 The underground ubhbes may be abandoned and closed in place 
if the uhhty will no longer be required after the cover system has 
been installed and will not impede construchon or implementahon 
of the engineered cover system Abandonment in-place will 
include the following achons 

0 The soils surrounding the underground utihhes will be 
excavated as necessary to provide access for in-place 
closure equipment and matenals 

0 Uhhties, and/or excavated soils shall be monitored for 
radioachve contaminahon, and disposihoned and handled in 
accordance with appropnate DOE Orders and Directives 
and WETS standards and procedures Excavated soils 
shall be sampled and analyzed to ensure that all 
contaminated soils have been removed 

Grout may be pumped into underground utility lines to 
minimize the void spaces or open areas 

IV 2 2 9 2 The underground ubhhes’ structures, and equipment (RCRA Units 
21, 48 and 24) will be removed if the uhlity, structure, or 
equipment shall no longer be required after the cover system has 
been installed and causes an impediment to construcbon or 
implementahon of the cover system Removal shall include the 
followulg achons 

The soils surrounding the uhhhes shall be excavated, as 
necessary, to allow their removal 

0 Uhhties, structures, equipment, and/or excavated soils shall 
be monitored for radioactive contamination and 
dispositioned and handled in accordance with appropnate 
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IV 2 2 10 

I V 2 2  1 1  

I V 2 2  12 

DOE Orders and Direchves and WETS standards and 
procedures 

0 Uhlihes, structures, and equipment shall be removed, 
segregated, decontaminated and, if non-decontaminable, 
size-reduced and placed under the final engineered cover 
system 

0 Excavabon areas that are outside the full extent of the final 
engineered cover shall be backfilled with clean matenals 

N 2 2 9 3 Utdihes will be relocated if they will be required to be in service 
after the final engineered cover system has been installed 
Relocabon shall include the following acbons 

0 Uhhties, and/or excavated soils shall be monitored for 
radioacbve contaminahon and disposihoned and handled in 
accordance with appropnate DOE Orders and Direcbves 
and RFETS standards and procedures If closed porbons 
of ubhbes to be relocated are deemed to be left in place, 
then procedures outlined in Sechon IV 2 2 9 1 shall apply 
If closed pomons of ubhbes to be relocated are deemed to 
be excavated, then the procedures outlined in Secbon 
IV 2 2 9 2 shall be applied 

0 Excavation areas beyond the footpnnt of the final 
engineered cover shall be backfilled with clean matenals 

0 Construcbon for relocated ubhhes shall be performed in 
accordance with applicable federal, state, and RFETS 
requlrements 

Monitonng wells required for the SEP facility post-closure plan shall be installed 
pnor to complebon of the closure/remediation Some wells may be required 
pnor to complebon of the final engineered cover Other wells may be required 
after the final engineered cover system has been installed 

The SEP facility post-closure monitonng system design shall be integrated with 
the SEP facility closure/remediahon design The post-closure monitonng system 
shall be installed pnor to complebon of closure/remediabon 

The closed SEP facility shall be provided with access roads to allow mantenance 
vehicles and equipment access to the facility to perform required mantenance and 
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I V 2 2  13 

I V 2 2 1 4  

a I v 2 2  15 

momtonng achvihes The roads shall be designed in accordance with appropnate 
DOE Orders and Direchves, and WETS procedures and standards 

The closed SEP facility shall have a fence installed around the overall penmeter 
of the final engineered cover system with appropnate gated accessways for future 
inspechons of the facility The fence shall be designed in accordance with 
appropnate DOE Orders and Direchves, and WETS procedures and standards 
Appropnate signs shall be attached to the fence to nohfy workers that the 
contamed area is a Correchve Achon Management Unit 

The design for the closurdremediahon of the SEPs shall include specificahon of 
procedures to prevent the spread of contamnants to soil, water, or au dunng 
construchon The closudremediahon design shall include the following 

Mihgahon techniques to prevent anborne dust contaminahon dunng earth- 
moving, demohhon, waste transfer, and other construcbon achvihes, 

Dmnage control, stockpile coverage, and other measures, if required, 
including collechon and treatment of stormwater, to prevent surface water 
contaminahon, and 

Careful planning of stockpile management, earth-moving, demolihon, and 
waste transfer to prevent soil contaminahon 

New and/or relocated utdihes for the SEP facility shall be designed in accordance 
with appropnate federal and state regulabons, DOE Orders and Direcbves, and 
WETS procedures, and standards 

N.2.3 Waste Acceptance Criteria 

OU4 SEP sludge and pondcrete is currently in storage at WETS and shall be processed 
for consohdahon beneath the final engineered cover These wastes shall meet the following 
cntena pnor to acceptance for consolidation beneath the cover 

0 The waste form shall not, pnor to placement, contam free liquids Lack of free 
liquids shall be demonstrated with the Pant Filter Test 

The waste shall be delivered in either monolithic or partxulate form In the event 
that the producer intends to deliver the waste as a mixture of both forms, the 
producer shall idenbfy, at the complehon of the treatability study, the ratio of one 
form with respect to the other and/or the expected order of delivery, i e , 
consistent mixture or batches of one form followed by the other 

If the delivered waste form is monolithic, the following cntena shall apply 
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Each monolith shall fit enbrely wthin a rechlmear envelope which is a 
maxlmum of 12 inches high by 24 inches wide by 48 inches long 

Compressive strength of the form shall not exceed 3000 pounds per square 
inch @si) Shear and tensile strengths shall not exceed those of 3000 psi non- 
reinforced structural concrete 

e 

The monoliths shall not be reinforced 

The monolith shall not be delivered in molds, conmners, or packaging of any 
land that cannot be returned to the producer 

If the dehvered waste form is parhculate, the following cntena shall apply 

All waste form partrcles shall pass a 3-inch mesh screen 

The waste form partrcles shall not agglomerate dunng storage after production 
such that parbcles larger than allowed above are formed, unless such oversized 
partrcles meet all cntena idenbfied above for a monolithic waste form and the 
producer explicitly states that such agglomerabon is likely 

There is no specific cntena for partrcle size distnbuhon 

The waste form as received (if pmculate) or as size-reduced (if monolithic 
or agglomerated partxles) shall be capable of being mixed with the site soils 
such that all formed agglomerates pass a 3-inch screen 

The waste form shall be maximally resistant to dispersion by wind 
Dispersion resistance can be accomplished through the control of moisture 
content of the as-delivered form, through the control of the partxle size of the 
form, or through acceptable control of other intnnsic waste form 
charactenstlcs 
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Delivery of the waste form to the remediabon site shall be accomplished "just 
in bme" so that the placement of a homogeneous soil/waste mixture is not 
interrupted and so that storage of the waste form on the construcbon site is 
minimized Relief from this requirement is possible if it can be demonstrated 
that, storage of the waste form in small piles at the remediabon site will not 
produce dust or dispersible fines, will not degrade upon wetting, and that the 
waste form can be transported without generabon of dispersible fines from pile 
to point of placement, mixing, or size reducbon using existing site remediation 
construcbon equipment 



The waste form shall contam no addibonal matenals that, either because of 
quanhty or character of the matenals cause exismg assessment or modehng 
of health effects, contaminant migrahon, or ground water protecbveness to 
become invalid, or that cause the currently proposed remedy to fad to 
adequately protect human health and the envlronment 

The waste form shall be treated or prepared such that pathogens are removed 
or rendered innocuous to the extent that workers exposed to the matenal, and 
not weanng protecbve equipment, will be protected from the effects of such 
pathogens 

The waste form shall be treated or prepared such that gas producbon from the 
form, in type, rate, and volume, shall be no greater than such producbon from 
an equivalent volume of natural soil from the site 

The total volume of the waste form shall not exceed 20,000 cubic yards 

Leachate from the waste form, when modeled through the HELP and VS2DT 
codes, shall not exceed the concentrabons specified for protechveness of 
human health and the environment at the toe of the engineered barner 
Specificahon of leachate levels shall be developed from the esbmated 
parameters resulbng from early modeling and confirmed with empincal data 
from the treatability studies 

e IV.2.4 Applicable Codes, Standards, and References 

The following is a list of the national codes and standards, DOE Orders, WETS 
procedures, and reference documents to be considered dunng the design of the SEP 
closurdremediabon Parbcular standards and testmg requirements are idenbfied in specific 
construcbon specificabons 

Amencan Concrete Inbtute (ACI) 

Amencan Nabonal Standards Insbtute (ANSI) 

Amencan Society of Mechanical Engineers (ASME) 

Amencan Society for Tesbng and Matenals (ASTM) 

Amencan Water Works Associabon (AWWA) 

Amencan Wire Gage (AWG) 

Amencan Wood Preservers Associabon (AWPA) 
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Code of Federal Regulufions Title 29, Parts 1910 and 1926 (29 CFR 1910 and 1926) 
Occupahonal Exposure to Asbestos, Tremolite, Anthophylite, and Achnolite 

Code of Federal Regulmons lWe 40, Part 122 26 (40 CFR 122 26) - Nahonal Pollutant 
Discharge Eliminahon System, Stormwater Discharges 

Code of Federal Regulufzons Tule 40, Part 61 (40 CFR 61) Subpart M Nahonal Emission 
Standards for Hazardous Pollutants 

Code of Federal Regulmons I'itle 40, Part 265 (40 CFR 265) - Intenm Status Standard for 
Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal 
Facilihes, July 1990 

COEM - DES - 5,  Rev 4,  "Specificahon for Procurement and Construchon," 6/17/91 

COEM - DES - 12, Rev 3, "Power Distnbuhon Systems Management," 6/17/91 

COEM - DES - 13, Rev 1 ,  "Illumination Engineenng Design and Review Procedure," 6/17/91 

COEM - DES - 19, Rev 2, "Drafhng Practices," 6/17/91 

COEM - DES - 25, Rev 2,  "Facility CADD System," 6/17/91 

COEM - DES - 27, Rev 3, "Operahonal Requirements Document," 6/17/91 

COEM - 6 1 5,  Rev 0, "Title I Design Summary/Review," 4/30/92 

COEM - 6 3 6, Rev 0, "Classification of Systems Components and Parts," 7/30/93 

COEM - 6 4, Rev 0, "Design Calculahons," 3/31/92 

COEM - 6 6 2,  Rev 0, "Engineenng Drawing Control," 1/31/92 

DOE/EH - 0256T, Radiological Control Manual, 6/92 

DOE Order 4010 lA, "Value Engineenng," 5/14/92 

DOE Order 4700 1 ,  Change 0 0 1 ,  "Project Management System," 6/2/92 

DOE Order 5400 1 ,  Change 0 0 1 ,  "General Environmental Protection Program," 6/29/90 

DOE Order 5400 3, "Hazardous and Radioactive Mixed Waste Program," 2/22/89 

DOE Order 5400 4,  "Comprehensive Environmental Response, Compensahon, and Liability Act 
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Requmments," 10/6/89 

DOE Order 5400 5 ,  Change 002, "Radiahon Protechon of the Public and the Environment," 
2/8/90 

DOE Order 5480 4,  Change 004, "Environmental Protechon Safety and Health Protechon 
Standards," 1/7/93 

DOE Order 5480 1 1 ,  Change 003, "Radiahon Protechon for Occupahonal Workers," 6/17/92 

DOE Order 5700 2D, "Cost Eshmahng, Analysis, and Standardizahon," 6/12/92 

DOE Order 5700 6C, "Quality Assurance," 8/21/91 

DOE Order 5820 2A, "Radioachve Waste Management," 9/26/88 

DOE Order 6430 lA, Change 0 0 1 ,  "General Design Cntena," 4/6/89 

DOE, Rocky Flats Plant, Ora3 Integration of MPA,  CERCLA and RCRA for Activities 
Under the Interagency Agreement at Rocky Flats Plant, June 1992 

DOE, Design and Evaluation Guidelines for Depament of Energy Facilities Subjected to 
Natural Phenomena Hazards, UCRL-15910, June 1990 

EG&G Rocky Flats, Inc , Annual Report Sitewide Treatability Studies, March 1992 

EG&G Rocky Flats, Inc , Background Geochemical Charactenzation Report, September 1992 

EG&G Rocky Flats, Inc , Design Cntena for Engineenng and Architectural Services, March 
1985 

EG&G Rocky Flats, Inc , Ora3 Environmental Evaluation Working Document for Phase I 
RFI/RI Work Plan, OU4, January 1993 

EG&G Rocky Flats, Inc , Environmental Restorahon Technical Support Document A M P A  
Support Document for the Rocky Flats Plant, June 1992 

EG&G Rocky Flats, Inc , Final Phase I RFI/RI Work Plan for OU4, Solar Evaporation Ponds, 
Vol I and 11, January 1992 

EG&G Rocky Flats, Inc , Histoncal Release Report for the Rocky Flats Plant, June 1992 

EG&G Rocky Flats, Inc , Proposed Intenm Measure/Intenm Remedial Action Decision 
Document for the Solar Evaporation Ponds Operable Unit No 4 ,Apnl 1992 
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EG&G Rocky Flats, Inc , RF' Standard No SC-106, Standard for Equipment Qualrficatron, 
June 14, 1990 

EG&G Rocky Flats, Inc , Technrcal Memorandum No 1 to Final Phase I RFI/RI Work Plan, 
Vadose Zone Investigation, OU4, December 1992 

EPA, Data Quality Objecnves for Remedial Response Activities, Development Process, 
EPA/540/G-87/003, March 1987 

EPA, Data Quality objechves for Remedial Response Activities, &ample Scenano, 
March 1987 

EPA, Ecological Assessments of Hazardous Waste Sites A Field and Laboratory Reference, 
EPA/600/3-89/013, March 1989 

EPA, Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCZA, Intenm Final, EPA/540/G-89/004, October 1988 

EPA, Guidance for Data Usability in Risk Assessment, October 1990 

EPA, Guideline for Conducting Remedial Investigations and Feasibility Studies Under 
CERCZA, EPA/540/2-058, December 1989 

EPA, Risk Assessment Guidance for Supe@nd, Volume I, Human Health Evaluation Manual 
(Part A), Intenm Final, EPA/540/ 1-89-002, December 1989 

EPA, Risk Assessment Guidance for Supe@nd, Volume II, Environmental Evaluation 
Manual, Intenm Final, EPA/540/1-89-001, March 1989 

EPA, Technical Guidance Document, Final Covers on Hazardous Waste LandJlls and 
Su@xe Impoundments, EPAI530-FW-89-047, July 1989 

Facilihes & Engineenng Manual 009, Architect-Engineer 's Guide to Construction Cost 
Ertrmatrng for Rocky Flats Plant, July 1992 

Federal Facility Agreement and Consent Order, USEPA Region VI11 and The State of Colorado 
in the Matter of  US DOE Rocky Flats (Colorado) Site, January 1991 

Inshtute of Electncal and Electronic Engineers (IEEE) 

Jefferson County Health Department 

NaQonal Electncal Code (NEC) 
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Nabonal Safety Code (NESC) 

Nabonal Sanitabon Foundabon (NSF) 

State Department of Highways, Division of Highways, State of Colorado Standard Specificabons 
for road and Bridge Construcbon 

State of Colorado Depaxtment of Health, Ora# Intenm Final Policy and Guidance on Risk 
Assessment for Corrective Action at RCRA Facilities, October 25, 1993 

State of Colorado Hazardous Waste Regulations, 6 CCR 1007-6, Part 265 

Underwiters Laboratory (UL) 

Uniform Building Code, 1988 

UCRL - 15910 

United States Army Corp of Engineers (USACE) 

IV.2.5 Constraints and Lunitations 

Closurdremediabon of the OU4 SEPs will be designed and implemented within the 
following constmnts and limitabons 

I V 2 5  1 Other WETS facilibes are located in the vicinity of the SEPs that shall be 
impacted by the final engineered cover system These facilibes include 

Building 910 south of SEP 207-B South, 
Disbllate Tanks south of SEP 207-A, 
Cooling towers south of SEP 207-C and west of SEP 207-A, and 
Bulldings 783, 784, 786, and 787 

The OU4 SEP closure shall not adversely impact ongoing or planned acbvibes in 
other operable units 

Use of some areas for construcbon-related acbvibes may be constmned by the 
presence of the protected area (PA) secunty systems 

For implementation of the IMARA, the vadose zone is defined as the unsaturated 
soil region from three inches bgs to the mean of the seasonal high ground water 
elevabon in order to define soil remediation boundanes (The mean seasonal high 
ground water elevabon is approximately 1 foot higher than the mean seasonal 
ground water elevabon ) 

IV 2 5 2 

I V 2 5 3  

I V 2 5 4  
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IV 2 5 5 Buddings 788 and 964 will be removed and RCRA Units 21,48 and 24 shall be 
clean closed dumg the closurehemedrabon acbvibes at the OU4 SEPs 

IV.2.6 Design Basis Assumptions 
l Closure/remediabon of the OU4 SEPs is based on the following assumpbons 

IV 2 6 1 The OU4 SEP liners, sludge, and pondcrete are considered hazardous waste by 
I 

I the Colorado Department of Public Health and the Environment (CDPHE) 

IV 2 6 2  The OU4 SEP sludge, currently stored in tanks, shall be processed and 
consolidated beneath the final engineered cover 

IV 2 6 3 The OU4 SEP pondcrete, currently stored under tents, shall be processed and 
consolidated beneath the final engineered cover 

IV 2 6 4 The consolidated OU4 SEP liners, sludge and pondcrete shall be elevated, at a 
minimum to the level above the subsurface dram to prevent contact of the liners, 
sludge, and pondcrete with the ground water 

IV 2 6 5 The SEP facility waste liquids and sludges, shall be removed from the SEPs pnor 
to the commencement of the closure/remediabon project 

IV 2 6 6 Buildings 788 and 964 (RCRA Units 2 1,48 and 24) shall be removed as required 
by the SEP facility closure acbvity and closed in accordance with RCRA 
requirements 

IV 2 6 7 Equipment associated with dmmng the SEPs and processing sludge and pondcrete 
shall be removed pnor to the closure/remedration acbvibes This acbvity shall 
be addressed through a separate project 

IV 2 6 8 The CDPHE shall grant a CAMU which will allow the consohdabon of 
remediabon wastes beneath the final engineered cover without the need for 
treatment to comply with the Land Disposal Restncbons (LDRs) 

IV 2 6 9 The CDPHE shall grant two T U s  which will allow the processing of the sludge 
and pondcrete remediabon wastes 

IV 2 6 10 Field- or bench-scale tesbng shall not be required to demonstrate that the SEP 
facility cover system will meet the Colorado hazardous waste regulations 

IV 2 6 11 All of the contaminated vadose zone soil beneath the SEPs shall be excavated and 
consolidated above the subsurface dram beneath the final engineered cover 
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IV 2 6 12 The SEP facility closure is classified as System Category 3 NSC in accordance 
with COEM 6 3 6 

IV 2 6 13 The SEP facility design basis wind speed (fastest mile speed at 10m height) is 109 
mles per hour The annual wind speed exceedance probability is 0 02 (UCRL- 
15910) 

N 2 6 14 The SEP facihty is located within Seismic Zone 1 (Uniform Building Code 1988) 
A Zero Penod Accelerabon (ZPA) of 0 15 gravity will be used for slope stabhty 
modeling (EG&C., 1990) 

IV 2 6 15 The SEP facility design frost depth is 36 inches 

IV 2 6 16 The minimum stormwater culvert diameter is 15 inches (DOE Order 6430 lA,  
Chg 001) 
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IV.3 CONCEPTUAL DESIGN 

This secbon provides an engineenng descnpbon of the closurdremediahon system 
proposed for the OU4 SEPs The secbon is divided into four components The first component 
addresses closure of the SEPs and soil remediabon The second component addresses the 
closurdremoval of RCRA Utllts 21,48 and 24 (Buildings 788 and 964) The third component 
addresses closure or relocabon of ubbbes in the vicinity of the SEPs The fourth component 
provides a power modificabon plan to support changes to the site electnc supply system from 
the removal of the buildings and the installahon of the final engineered cover The fifth 
component addresses the sludge and pondcrete processing Appendix IV B contiuns a set of 
conceptual design drawings for the final engineered cover and the post-closure monitonng 
system 

l 

IV.3.1 Site Layout and Final Engineered Cover 

Drawing 51045-110 depicts an overall site layout of OU4 and Drawing 51045-112 
provides a final site plan Drawing 51045-121 presents the topographic ardextent of the final 
engineered covers Drawings 51045-122 and 51045-123 provide cross-sections and detads of 
the final engineered cover Drawing 51045-130 presents the dmnage plan for surface water 
runoff 

IV.3.1.1 Site Layout 

Location of the Final Enpineered C over 

A final engineered cover will be built over most of SEP 207-A, the 207-B Senes SEPs, 
This cover is descnbed in Secbon 

An illustration of the final 
and a porhon of IHSS 176 east of the B-Senes SEPs 
I11 3 2 1 and is idenbfied as Engineered Cover Alternahve 6 
engineered cover and backfilled area site layout is presented as Figure IV 1-1 

I 

Soils beneath the footpnnt of the final engineered cover will be excavated to the mean 
seasonal high ground water elevation These areas are portrayed as Zone "A" on Figure IV 3-1 
Figure IV 3-2 provides an excavatron contour map for Zone "A" The depth of the excavabon 
will range from 0 to 27 feet The excavated volume will be approximately 129,200 cubic yards 
Zone "A" includes soils excavated from beneath SEPs 207-A, 207-B senes, and SEP 207-C 

Soils with COC concentrabons exceeding surface and vadose zone soil PRGs will be 
excavated from the hillside north of the SEPs to the downhill intersection of the piezometnc 
surface and the topographic surface It is anticipated that this excavation will include a vegetated 
area totaling approximately 168,000 square feet Surface soils will be excavated to a depth of 
6 inches from the SEP berms to the intersecbon of the piezometnc surface and the topographic 
surface Additronally, vadose zone soils contaminated with Radium-226 will be excavated from 
locahons close to the SEP berms The anticipated volume of this matenal is 3,100 cubic yards 
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This matenal wll be consolidated wth the liners, sludge, and pondcrete above the subsurface 
d m a g e  layer beneath the final engineered cover This area is idenbfied as Zone "Bit on Figure 
IV 3-1 

OU4 surface soils with COC concentrabons exceeding surface soil PRGs will be 
excavated north of the penmeter secunty fence (buffer zone) The vegetated excavabon area 
wdl total approximately 290,600 square feet and extend to a depth of approximately 6 inches 
below ground surface (bgs) The anbcipated volume of this matenal is 5,400 cubic yards This 
matenal vvlll be consohdated above the subsurface d m a g e  layer under the final engineered 
cover There have not been any 
contaminated vadose zone soils located north of the penmeter secunty fence (within OU4) at 
concentrabons exceeding the vadose zone PRGs If vadose zone soil contaminabon is discovered 
dumg the venficabon sampling, the soils will not be remediated as a funcbon of the Phase I 
IM/IRA These sods will not be remediated due to the presence of the ITS within this area 
which could be impacted if vadose zone soils were excavated The ITS is currently collecting 
ground water and it is expected to conbued to be used in the future for a ground water collecbon 
system The effecbveness of the ITS will be evaluated as part of the Phase I1 RFI/RI 
Therefore, any contaminated vadose zone soils discovered dunng venficabon sampling will be 
remediated (if necessary), at the complebon of the Phase I1 RFI/RI The surface soil 
excavabon/remediabon and reclamabon of this buffer zone area is proposed in the IM/IRA to 
provide a means to protect human health and the environment from the upward exposure 
pathways since the final remediabon of this area will occur after the Phase I1 RFI/RI 

Thls area is idenbfied as Zone "C" on Figure IV 3-1 

Site layout will be impacted by the consolidabon of matenals from several areas The 
excavated soil and matenals will be transferred to SEP 207-A and the 207-B Senes SEPs pnor 
to the construcbon of the final engineered cover The liners from all the SEPs and monolithic 
processed pondcrete will be crushed to achieve matenal uniformity Processed OU4 sludge and 
parhculate processed pondcrete will be transported to the SEP area Pondcrete, sludge and liners 
will be mixed with excavated soils from under the SEP 207-A and 207-B areas to produce a 
homogeneous waste matenal with adequate compacbon charactensbcs The homogeneous waste 
mixture will be placed in hfts and be compacted to form a specified grade for construction of 
the final engineered cover The waste matenals may require size-screening pnor to placement 
beneath the final engineered cover to ensure that the matenals have the ability to be adequately 
compacted 

A subsurface dmnage system will be constructed beneath the final engineered cover 
because there are significant seasonal fluctuations in the ground water elevation Histoncal 
records from 1986 to 1993 indicate that a seasonally high ground water elevation has contacted 
the SEP 207-B Senes liners The records also indicate that the ground water elevabon has nsen 
above poaons of the liners in the 207-B Senes SEPs Given the histoncally high ground water 
elevabon, and the fact that the vadose zone soils beneath the SEPs provide a potenbal source of 
ground water contaminabon (Appendix I11 D), a subsurface dmnage layer will be installed 
beneath the contaminated consolidated matenals and the final engineered cover Vadose zone 
soils beneath the SEPs will be excavated to the elevation of the mean seasonal high ground water 
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elevabon The subsurface dmnage layer will be installed just above the elevabon of the mean 
of the seasonal high ground water elevahon The subsurface dmnage layer will be constructed 
of layers of sand and gravel The excavated vadose zone contaminated media will be returned 
to the excavabon above the subsurface dmnage layer The crushed SEP liners will be combined 
with contaminated soil media from beneath SEP 207-A and 207-B areas, processed sludge and 
processed pondcrete for placement above the subsurface dmnage layer The subsurface dmnage 
layer wdl mirumize the potenbal for a future nsing ground water elevabon from contacbng the 
consohdated hazardous wastes and contaminated media 

The subsurface dmnage system will cause potenbally nsing ground water to flow away 
from the consolidated contaminated matenal The subsurface dmnage system will be-in to the 
ITS via a subsurface dmnage trench This will prevent the consolidated contaminated matenal 
from becoming saturated if the ground water elevabon nses, and will prevent the generabon of 
leachate that could exceed the applicable ground water protechon standards at the Phase I 
IM/IRA Point of Compliance (toe of the final engineered cover) Appendix I11 D presents the 
predicted leachate results from the OU4 soils under saturated conditions Under saturated 
condibons, leachate could be generated having concentrahons exceeding levels considered to be 
protecbve of human health and the environment Construction of a subsurface liner and 
collecbon system below the consolidated contaminated matenals for the collecbon of leachate 
could produce saturated condibons dunng the 1000-year penod of performance Since a leachate 
detecbonlremoval system could not be expected to operate for loo0 years without mamtenance 
and replacement of mechanical parts, human operation would be required In addition, an 
impermeable liner in the subsurface may be damaged by uplift forces and heaving caused by a 
potenbally nsing ground water elevabon Since the penod of performance is lOOO-years, the 
DOE considers that it is important that the closure system be designed to funcbon passively 
The subsurface dram is the preferred ground water control method since it is passive and will 
not require mamtenance over the 1000-year penod of performance The passive subsurface 
d m n  system could also act as a leachate collechon system if precipitahon infiltrated through the 
final engineered cover and contacted the consolidated contaminated matenals Conservabve 
VLEACH modeling, presented in Secbon IV 10 4, demonstrates that under unsaturated 
condibons the leachate produced would be innocuous The DOE considers that it is better to 
allow the potenbal for a release of innocuous leachate through the closure system (via a passive 
subsurface dmn) than to design a condibon where saturated condihons could occur and result 
in leachate that would not be protecbve of human health and the environment (subsurface liner) 
An evaluabon of specific methods to prevent ground water contamination is presented in 
Appendix I11 E The proposed final engineered cover and subsurface dram system are designed 
to isolate the consolidated contaminated matenals from the groundwater by a reduction in the 
amount of precipitabon infiltrahon, and by preventing potentially nsing ground water from 
contactmg the consolidated matenals 

OU4 SEP sludge currently stored in tanks at the RFETS will be processed for disposihon 
beneath the final engineered cover Approximately 5,000 cubic yards of processed sludge will 
be disposiboned beneath the final engineered cover OU4 SEP pondcrete currently stored in 

tents on the WETS will be processed and crushed for dispositioning beneath the final engineered 
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cover Apprommately 10,OOO cubic yards of pondcrete will be disposiboned beneath the 
engmeered cover Approximately 11,800 cubic yards of liners will be disposboned beneath the 
final engmeered cover 

Approxlmately 30 cubic yards of IDM are present in the OU4 area which was produced 
dunng the RFI/RI d d i n g  operabons These soils will be disposiboned beneath the final 
engmeered cover Approximately 700 cubic yards of Buildings 788 and 964 debns and concrete 
will be disposiboned beneath the final engineered cover 

Table IV 3-1 presents the approximate quanbty of matenal for each remediabon zone and 
waste type The depth of excavabon is based on Figure IV 3-3 which provides a summary of 
the COCs that have vadose zone concentrabons which exceed the vadose zone PRGs and Figure 
IV 3-4 whch shows the vadose zone thickness based on the mean of the seasonal high ground 
water elevabon Figure IV 3-5 presents a phreabc surface map of the mean seasonal high 
ground water elevabon Figure IV 3-6 presents a 3-dimensional portrayal of the SEPs that 
depicts cross-secbons Figures IV 3-7 and IV 3-8 depict the cross-sechons that show the site 
topography, the depth of contaminabon, and the mean seasonal high ground water elevabon 
Appendix C provides cross-secbons through the SEPs that depict the ground surface elevabon, 
the depth of contaminabon for specific COCs, and the elevation of the mean seasonal high 
ground water elevabon Appendix C also provides summary maps for surficial soil 
contaminahon 

Mass of Contaminants 

Mass estrmates of the pnmary COCs consolidated beneath the final engineered cover 
were calculated using the mean contaminant concentrabons for soils, liners, sludge, and 
pondcrete in addibon to the total volume of the specific matenal It should be noted that 
contaminant masses in soil include concentrabons from both OU4 contaminahon and natural 
background concentrabons The results of these calculabons are provided in Table IV 3-2 
Table IV 3-2 also provides the total mass of the pnmary COCs based on the total mass of the 
consohdated matenals The total mass of consolidated matenals is 2 3 x lulograms (kg) 
The total mass of the pnmary COCs are 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Arnencium-24 1 
Plutomum-239/240 
Uranium-233/234 
Uranium-235 
Uranium-238 

47 1 kg 
15 kg 
5,497 kg 
1,768 kg 

0 027 kg 
0 1 kg 
1 1  Okg 
2,174 kg 

5 9E-06 kg 
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TABLE IV.3-1 

QUANTI"  OF WASTE DEPOSITION 

n ZONES OF EXCAVATION 

Zone Quantity 

Zone A Soils 129,200 yd3" 

Zone B Soils 3,100 yd3 

Zone C Sods 5,400 yd3 

Invesbgabve Denved Matenal (IDM) 30 yd3 

Lmers 11,800 yd3 

Sludge 5,000 yd3 

Pondcrete 10,000 yd3 

Budding 788 and 964 debns and Concrete Entombment 700 yd3 

' yd3 = cubic yards 
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TABLE3-2 
CONTAMINANT QUANTITIES 

Note 1 
2 
3 
4 

UND- COVER 
T OUAN- 

Volume of inventory pondcrete based on 8,200 tn-walls with an average pondcrete volume of 13 7 cu fl 
Radionuclide concentrations were measured on a dry pondcrete basis Pondcrete % moist 60 8 
Radionuclide concentrations taken from "Analysis of Inventory Pondcrete - Final Report", Apdx D, June 3,1991 
Chemical concentrations taken from Pond and Sludge Waste Characterization Report, HNUS, March 1992 

Volume of Inventory Pondcrete= 4,161 CUBIC YARDS 
Mass of Inventory Pondcrete= 4,586 TONS= 4 16E+06 kg 

Contaminant 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Amencium-24 1 
Plutonium-239/240 (239) 
Uranium-233/234 (234) 
Uranium-235 
Uranium-238 

Mean Achvity MasdAchvity Mean Mass 
Concentrahon Relationship Concentration 

A&akdaL--  
7 12 

0 
1 41E+03 
8 41E+02 

0 2 91 1E-10 0 00E+00 
9 95E+02 1609E-08 160E-02 
155E+02 16058-07 2 48E-02 
4 76E+00 4 622E-04 2 20E+00 
1 82E+02 2 972E-03 5 42E+02 

_Ouantltu 
11 6 
0 

2,292 
1,372 

0 
26 1 
40 5 
3 59 
883 

UND- 
CONTAUIN ANT OUANTITIES 

Note 1 Chemical and radiological data taken from "Analytical Reports for Requisition 11859", Chem-Nuclear 
Geotech, August 16, 1993 
2 Density of in-place liner assumed equal to in-place asphalt concrete pavement = 137 Ibs /cu ft 

Volume of Liners= 11,800 CUBIC YARDS 
Mass of Liners= 21,824 TONS= 198E+07 kg 

Contaminant 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Americium-24 1 
Plutonmm-239/240 (239) 
Uranium-233/234 (234) 
Uranium-235 
Uranium-238 

Mean Act~vity MassIAchvity Mean Mass 
Concentration Relationship Concentration 
(DC l /g ) (mg /DCI I~  

135 
0 1  
2 87 
9 49 

2 20E-03 2 91 1E-10 6 40E-10 
6 20E-02 1609E-08 9 98E-07 
148E+00 1605E-07 2 37E-04 
1 14E-01 4 6228-04 5 288-02 
1 45E+00 2 972E-03 4 29E+00 

Ouantltv 
26 7 
198 
56 8 
188 

0 013 
0 020 
4 69 
105  
85 0 
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U N D W  
ANT 0&4N-S 

Weight of Dry Sludge= 434 TONS= 3 94E+05 kg 
Note Weight based on dry sludge and salt quantities provided by EG&G 

Contaminant 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Americium-24 I 
Plutonium-239/240 (239) 
Uranium-233/234 (234) 
Uranium-235 
Uranium-23 8 

Mean Acbvity MassIAcbvity 
Concentrabon Relationship -- 

6 37E-01 2 911E-10 
5 98E+OO 16098-08 
1 83E+01 1605E-07 
6 38E-01 4 622E-04 
2 33E+OI 2 972E-03 

I ENGI-D COVER 
P 

Volume of Surficial Soil= 
Mass of Surficial Soil= 

8,500 C Y 
13.770 TONS= 

Volume of Vadose Zone Soil 
Mass of Vadose Zone Soil= 

129,200 C Y 
209,304 TONS= 

Mean Mass 
Concentrabon 
(mgntd 

2 23E+O 1 
0 00E+00 
3 46Ei-02 
5 31Ei-02 
185E-07 
9 62E-05 
2 93E-03 
2 95E-0 1 
6 92E+01 

125E+07 kg 

190E+08 kg 

Total Mass Soil= 223,074 TONS= 2 02E+08 kg 

Contaminant 
3lU3dAd 
Beryllium 
Cadmium 
Americium-24 1 
Plutonium-239/240 (239) 
Uranmm-233/234 (234) 
Uranium-235 
Uranium-238 

MasdActivity 
Relabonship 

(mg/oCII 

2 91 1E-10 
1 609E-08 
1605s-07 
4 6228-04 
2 9728-03 

Mean Activity 
Concentrabon 
IDClld 

7 36E-01 
6 90E-01 
2 62E+00 

2 04E+00 
7 06E-02 

Mean Mass 
Concentrabon 
(mentd 

103E+00 
193E+01 
2 14E-07 
1 I 1E-05 
4 21E-04 
3 26E-02 
6 07E+00 

J2ualm! 
8 8  
0 

136 
209 

0 073 
0 038 
1 153 
0 12 
27 

12 9 
24 1 
2 68 

0 139 
5 26 

0 408 
75 8 

Vadose Zone Sod 
Beryllium 0 0 
Cadmiurn 1 46E+OI 2,771 
Americium-24 1 2 91 1E-10 5 81E-02 1698-08 3 21 
Plutonium-239/240 (239) 1609E-08 8 02E-02 129s-06 0 245 

I Uranium-233/234 (234) 1605E-07 163E+00 2 61E-04 49 6 

022/722446/328 XLS OU4 Propposed IMIIRA-EA Decision Document 

IV-39 
February 10 1995 



uranium-235 
Uranium-23 8 - 
Beryllium 
Cadmium 
Amencium-24 1 
Plutonium-239/240 (240) 
Urani~m-233/234 (233) 
Uranium-235 
Uranium-238 

4 622E-04 6 67E-02 
2 972E-03 195E+00 

Ouantitv 
12 9 

3,012 
5 89 
0 384 
54 8 
6 26 
1,178 

3 OSE-02 5 86 kg 
5 81E+00 1,103 kg 

C O N T m A N T  O U A N T I W  UND- cava 

Total volume all contaminated media= 164,500 CUBIC YARDS 

Total mass all contaminated media= 26 1,430 TONS= 2 37E+08 KILOGRAMS 

Note Volumes of treated sludge and re-treated pondcrete are estimated to be 5,000 C Y and 10,000 C Y , respectively 
Note Specific gravities of treated sludge and re-treated pondcrete are assumed=inventory pondcrete 
Density of these materials is therefore = 110 TONS/CUBIC YARD 

131 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Amencium-24 1 
PIutonium-239/240 (239) 
Uranium-2331234 (234) 
Uranium-235 
Uranium-238 

02211224461328 XLS 

J2mMblYm 
47 1 kg 
15 kg 

5,497 kg 
1,768 kg 
5 98 mg 
26 5 g 
101 g 
11 0 kg 

2,174 kg 
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The results of these calculabons indicate that the total mass of the pnmary COCs is very 
small with respect to the total mass of matenal consolidated beneath the final engineered cover 

Location of Rec laimed A m  

Reclumed areas will be constructed over SEP 207-C (Zone A), the hillside north of the 
SEPs to the intersecbon of the piezornetnc surface with the topographic surface (Zone B) and 
north of the secunty fence (buffer zone) (Zone C) The chosen cover design is descnbed in 
Secbon III 3 2 1 and is idenbfied as Altemabve 1 A drawing of the reclamed areas and the 
hal engineered cover site layout is presented as Figure IV 1-1 

Rationale for Site Lavout 

The excavabon, transfer of matenals, and relabon of stored wastes (IDM, sludge, and 
pondcrete) allows for the consohdabon of the waste matenals formerly and presently existmg 
in the OU4 SEPs loahon Consolidahon of the waste matenals balances the wastes and reduces 
the contaminant area, thereby reducing construcbon and matenals costs and operabon and 
mamtenance requirements The area reducbon also facilitates a decrease in control and 
monitonng requirements 

The mean of the seasonal high ground water elevabon under the 207-B Senes SEPs in 
conjunctton with the fact that contaminants in the vadose zone provide a potenhal source of 
ground water contaminahon, has precluded the opbon of leaving liners, berms, and contaminated 
sods at their zn sztu elevahons beneath the SEPs A subsurface dmnage layer will be installed 
as an addiuonal prevenhve measure to prevent groundwater contact with the consolidated 
matenals This system will be installed just above the elevabon of the mean of the seasonal high 
ground water elevabon This system will reduce the potenbal for a future nse in the ground 
water elevabon from contacbng the hazardous waste and contaminated media This subsurface 
dmn wdl consist of layers of sand and gravel The posihon of this system is depicted on 
Drawing 51045-122 

a 

Selectton of adequate backfill matenals, vegetahon, gravel, armor, grading, and slope 
wdl mnimize surface water and wind erosion, and promote runoff away from the final 
engineered cover The potenbal for slope instability will be reduced by construcbng the final 
engineered cover away from the crest of the north hillside Addibonal measures that will be 
implemented to increase stability include backfilling and grading the north hillside 

IV.3.1.2 Closure System Details 

The chosen design for the final engineered cover is based on research underway at the 
DOE Hanford Site in eastern Washington State and the Los Alamos Nahonal Laboratory near 
Los Alamos, New Mexico This research provides engineenng cover design cntena for semi- 
and to subhumid climates, similar to those at the RFETS The design uses natural earthen 
matenals with proven long-term durability The natural matenals chosen for the final engineered 
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cover design are best swted to protect human health and the environment for a penod of 1,OOO @ Years 

The goals of the final engineered cover include the isolahon of consolidated wastes from 
transport pathways by controlling water infiltrahon, plant and animal intrusion, and wind and 
water erosion The final engineered cover will have the ability to provide long-term passive 
performance The design cntena meet state and federal regulahons as presented in Sechon 
III52 

I The goals of the backfilled reclamed areas idenhfied as Zones A, B, and C on Figure 
IV 3-1 mclude removlng contaminated matenals from the areas and creatmg a final grade with 
a consistent slope for posihve dmnage and erosion control The reclamed areas will be 
designed to direct runoff away from the final engineered cover 

, 

Final E ngineered Co ver 

The final engineered cover will be constructed of several layers placed above the 
consohdated contarmnated matenals to form an abovegrade mound The layers will be 
constructed of different matenals, each with its own funchon All the matenals used in the final 
engrneered cover design can be obtarned locally outside of the WETS boundanes The layers 
used to construct the final engineered cover include the following 

Vegetahon, 
Angular Pea Gravel, 
Topsoil, 
General backfill, 
Sand filter, 
Gravel filter, 
Angular nprap, 
Dmnagdcushion Sand, 
Asphalt membrane, 
Asphalt concrete, and 
Gravel base course 

Figure IV 3-9 illustrates the cross-secuon of the proposed final engineered cover 
Drawing 51045-123 provides a drawing of the cross-section specifying the thickness of each 
layer 

Several layers of the final engineered cover have been chosen based on research 
conducted at the DOE Hanford Reservahon and the research of Dr Hakonson at the DOE Los 
Alamos Nahonal Laboratory The informahon collected from research performed at the DOE 
Hanford Site is very beneficial for application to the WETS The similanhes between Hanford 
and WETS include the climate, waste matenals, long-term goals and the use of asphalbc 
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V E G E T A T I V E  S U R F A C E  ( EROS ION  CONTROL 
I /- AND TRANSP IRAT ION)  

\ 
i: /\, $ (,\, ,, 

i 

NOTE1 

THE DEPTH OF THE GENERAL BACKFILL WILL 
VARY WITH RESPECT TU THE DEPTH OF THE 
EXCAVATION AND DESIRED FINAL GRADE 

ANGULAR P E A  G R A V E L  ( EROS ION  CONTROL)  

TOPSO I L /GRAVEL  ADM IX  
( V E G E T A T I O N  SUPPORT/EROS ION CONTROL)  

GENERAL  B A C K F I L L  (WATER STORAGE  
FOR  V E G E T A T I O N  GROWTH) 

S A N D  ( F I LTER )  

PREPARED FOR 

U S  DEPARTMENT OF ENERGY 
ROCKY FLATS ENVIRONMENTAL 

TECHNOLOGY SITE 
GOLDEN, COLORADO 

Figure IV3 9 

Solar Evaporation Ponds 

Final Engineered Cover 
Operable Unit No 4, IMARA EA DD 

SAND/GRAVEL  ( F I LTER )  

ANGULAR R I P R A P  2" TO 4 "  
(B IOT IC  B A R R I E R K A P I L L A R Y  

ANGULAR R I P R A P  6" TO  10" 
( B IOT IC  BARR I ER )  

SAND (DRAINAGE)  

BREAK)  

A S P H A L T  MEMBRANE 
(LOW P E R M E A B I L I T Y  L A Y E R )  
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matenals for the low permeablllty layer, however, some selected matenals used rn the WETS 
final engmeered cover design (e g , angular nprap layer) were based on computer modeling and 
the evaluatlon of mformatlon and matenals specific to the WETS 

An important component of the final engineered cover is the vegetated surface Plant 
cover can reduce soil loss and may enhance deposihon of wind transported m c l e s  (Waugh, 
1989) The addihon of organic matter over the years binds soil partxles figher plants also 
feed and are fed by sod microorganisms that help dnve plant succession, secondary 
mmeralmhon, soil aggregahon and hence moisture retenhon and soil stability 

Over hme, regardless of what is inihally planted on a barner, the plant community will 
Uely converge with the commumty that would have developed naturally through the process of 
succession (Waugh, 1989) Natural Succession or recovery of a plant community following a 
disturbance leads to greater biomass (and inihally, greater transpiratlon), slower rates of nutnent 
cychg, damped effects of macroenvironmental extremes (such as butterrng of extreme 
precipitahon or soil water movement), and overall greater site stability 

A reduchon in plant growth associated with higher global temperatures may be balanced 
partly by an increase in growth attnbutable to the higher C02 concentrahons A doubling of 
atmosphenc COz, for example, could lead to a greater than 80% increase in biomass yield and, 
simultaneously, as much as a 10% decrease in the per-unit-leaf-area transpirahon rate (Petersen 
et al, 1993) 

Lysimeter tests were performed at the Hanford Site to research water infiltration due to 
arumal burrowing (Landeen, 1991) These tests indicated a lack of significant water infiltrahon 
at depth and an overall water loss in the lysimeters These occurrences were talung place 
despite the following worst case condihons, which were imposed on the lysimeters 

no vegetahve cover (no transpirahon), 
no water runoff (all water conmned), 
higher than normal animal and burrow densihes, 
supplemental precipitabon added at rates not expected to happen normally, and 
animals always burrow to the bottom of the lysimeters 

The overall water loss appears to be caused by a combinahon of constant soil turnover and 
subsequent drying, ventilahon effects from open burrows, and high ambient temperatures 

The first soil layer will be composed of a topsoil/gravel admix This layer will control 
erosion, facilitate evaporahon, and support vegetahon The thickness of this layer will be based 
on the esbmated amount of soil loss due to wind and water erosion and on the roohng 
charactenshcs of the selected vegetahon species Charactenshcs examined to determine the most 
effectme transpirahon rate include plant size, soil type, avatlability of water, rootmg 
charactenshcs, and atmosphenc factors Transpirahon is a funchon of the supply of water to 
roots, plant liquid water conductance, stomatal conductance, and leaf area (Petersen et al, 1993) 
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The mcorporation of a gravel admix (pea gravel sm) lnto the surface of the topsoil layer 
is mtended to mmic condibons that led to the formabon of desert pavements that have remaned 
stable for thousands of years (Waugh, 1990) Pea gravel has a higher surface area-to-volume 
ratio than larger gravel or cobble and thus may provide greater soil protechon with less impact 
on sod hydraulic propemes 

@ 

The use of pea gravel to prevent wind erosion has been researched for the Hanford Site 
final engineered cover (Ligotke et al, 1990) The wind condihons at Hanford are similar to 
those found at the WETS Results of these studies indicated that the addition of 0 11 to 0 26 
mch diameter gravels as admlxtures to the silt-loam soil at the Hanford Site provided 54 to 32 
hmes less surface deflabon respectively, than soil only in normal wind condihons Inclusion of 
the fine-gmned gravels reduced erosion rates ranging from 2 3 to 1 5 percent of those rates 
occurring from unprotected soil-only surfaces Wind tunnel tests for varying wind speeds, have 
produced results indicatmg that the best gravel choice for protectwe barners exposed to extreme 
eohan stresses, for either admixture or surface layers, would be a nver or crushed gravel 
contamng p a r t & s  ranging in size from 0 08 to 0 37 inches in diameter 

The general backfill layer will funchon as a water storage layer to promote vegetahve 
growth Local soils (e g , sandy loams) will be used as the layer matenal This layer will be 
only hghtly compacted to allow for adequate root penetrahon The thickness of this layer will 
be dependent upon the root depth of the selected vegetabon species and the anhcipated required 
water storage depths The type of soil specified will be dependent upon the thickness of the 
layer and the amount of water storage that is desired 

The sand and gravel layers will act as filter media to prevent the overlying soils from 
migratmg into the biok barner The filtrahon is required to m a n t a n  pore space within the 
biohc barner to sustan the design capillary break function Compachon of these layers will be 
requued to fill voids, decrease shiftmg, and provide a stable base for overlying layers The 
tfuckness of the filter layers will be based on sound engineenng judgment 

The mulblayered barner concept with a capillary break is based on a pnnciple of soil 
physics called "the outflow law" which says that water will not move from the fine-soil layer 
down into the coarse-rock layer (capillary break) unhl the soil at the layer interface is virtually 
saturated (Phillips et al, 1985) This theory is based on the following 

ophmum combinahon of topsoil depth and texture to retam precipitahon near the 
surface, 
regular deplehon of the water in this reservoir by evaporahon and transpirabon so 
that the soil at the layer interface remams unsaturated, and 
prevenhon of soil from sifhng into underlying rock interstices 

The angular nprap layer is composed of high quartzite-granite matenal This matenal 
is locally avadable and is more durable than the basalt matenals specified in the Hanford Site 
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design The nprap layer provides a biohc barner to prevent burrowing animals from entenng 
the contammated medm and operung a direct channel for precipitahon to reach the waste zone 
The layer will also restrrct deep-rooted plants from extendmg to deeper zones by providmg a 
capdlary break The EPA Technical Guidance Document enhtled "Final Covers on Hazardous 
Waste Landfills and Surface Impoundments" (1989b) reports that research results mdicate that 
6 inches of gravel over 30 inches of nprap may be effechve in stopping deep-rooted plants 
Th~s capdlary break concept has been researched for several years for the final engineered cover 
design at the Hanford Site (Wing, 1993) Results of the tests have indicated that the capdlary 
break has funchoned as designed Slight compachon of this layer may be required to fill voids, 
decrease shifing, and provide a stable base for overlying layers 

In two of the lysimeter tests performed at the Hanford site to research the permeability 
of the capillary break, enough water was added to force water to break through the capillary 
barner (Petersen et al, 1993) As expected, it was determined that water does not pass through 
the capillary barner m the hquid phase unhl the sod approaches saturahon and pore pressure 
becomes posihve Once breached, the capillary barners in the lysimeters dmned only slowly 
unhl they reached a stable water content almost twice as high as that normally held by the soil 
agmst gravity 

The lower sand layer beneath the nprap will promote lateral dmnage of water that 
infiltrates through the upper layers of the cover This layer will also act as a cushion to prevent 
the angular nprap from damaging the asphalt layers below According to the EPA Technical 
Guidance Document enhtled, "Final Covers on Hazardous Waste Landfills and Surface 
Impoundments" (1989b), dmnage layers should be greater than or equal to 12 inches Slight 
compacuon of this layer will be required to fill voids, decrease shifhng, and provide a stable 
base for overlying layers 

0 
A liquid applied asphalt membrane layer will act as a low permeability zone to mihgate 

the infiltrahon of any liquid that migrates through the upper layers Rubbenzed asphalt exhibits 
dramahc elashc properhes that allow the matenal to stretch up to 13 hmes its onginal length 
without ruptunng or exhibihng significant plashc deformahon The plashc propemes of 
r u b b e d  asphalt provides a self-healing ability to r e p r  punctures of the low-permeability 
layer Havmg been used smce the dawn of civilizahon, asphalt is one of the oldest human-used 
engineenng matenals (Asphalt Inshtute, 1989) In 2600 B C the Egyphans used asphalt as a 
waterproofing matenal and as early as 3000 B C , asphalt was used as a water stop between the 
bnck walls of water reservoirs It was used by early humans as a paving matenal, wood 
preservaove, sealant, adhesive, and mortar Many Wfacts dated 4,900 to 5,500 years old have 
been recovered in the Middle East in good conditron, atteshng to the long-term stability of 
asphalt under anaerobic conditions (Freeman, 1989b) Asphalt surface deposits contaming 
skeletons of prehistonc animals are currently intact at the La Brea Tar Pit outside of Los 
Angeles, California (Asphalt Inshtute, 1989) These sources have revealed that asphalt is a 
natural matenal with long-term durability 
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The asphalt concrete layer will work in conjunchon with the asphalt membrane layer to 
rmfllrmze mfiltrahon Ultraviolet hght and frost are known to decrease the rntegnty of asphalt 
concrete However, this layer wll be shielded from ultraviolet hght by the cover matenals 
above, and it wlll be placed below the frost depth of 36 inches 

Asphalt matenals have been tested by Pacific Northwest Laboratory (PNL) as a cover 
system at a uranium mill Wlings site in Grand Junchon, Colorado Results of these tests have 
rndicated that asphalt has an extremely low permeability to both radon and water and penetrahon 
by plants and ammals (Freeman, 1989b) 

The Hanford research team organized lysimeter tests to measure the efficiency of asphalt 
matenals (Freeman, 1989b) In fiscal year 1989, these studies indicated that the asphalt barners 
did not leak dunng the first 12 months of lysimeter monitonng Hanford research has revealed 
hydraulic conduchvihes of 3 x lo7 cenhmeters per second (cm/s) for asphalt concrete mixtures 
of 20 to 22 wt % and 24 wt % asphalt content, respechvely However, the Hanford research 
team has determined that the asphalt layers can achieve a hydraulic conduchvity of 1 0 x IO-” 
cm/s The thickness of the asphalt layer is based upon the results of the research performed at 
the DOE’S Hanford Site 

A study performed by Hentage Research Group (HRG), Indianapolis, Indiana, used 
toxicity charactenstx leaching procedure (TCLP) leachate to test fresh hot-mix asphalt (HMA) 
for the presence of the 40 EPA contaminants and the high-molecular weight polynuclear aromahc 
hydrocarbons @AH’S) roubnely tested for by the EPA The HRG tested a mixture of AC-20 
asphalt cementlslag, stone and sand that met Indiana DOT specificahons for asphalt surface 
mixtures Of the 40 contaminants idenhfied by the EPA as hazardous, chromium was the only 
element that had a level above detectable limits, measured at 0 1 ppm Since asphalt typically 
does not contam chromium, this small level was thought to be coming from the slag aggregate, 
which is a byproduct of the steel malang process The only PAH detected was naphthalene, 
which was measured at 0 25 ppb Naphthalene is the most volahle PAH, and is not carcinogenic 
hke some of the other PAH’s No other PAHs were found to be present The results of this 
study indicate that the use of asphalhc matenals will not provide an addihonal source of potential 
contaminants to the closure system (Audibert) 

e 

The gravel base layer will act as a structured base to increase the stability of the 
overlying asphalt layers Compactron of the gravel base will decrease voids, decrease shifting, 
and provide a stable base for the overlying layers 

Compacted contaminated media backfill will include crushed liners from all SEPs, OU4 
sludge, pondcrete and the matenals excavated from the hillside north of the SEPs to the 
intersechon of the piezometnc surface with the topographic surface north of the penmeter 
secunty fence (buffer zone), existmg soils under SEPs 207-A, 207-B, 207-C, and IHSS 176 
down to the mean seasonal high ground water elevatron Compachon is cntical for the backfill 
matenal to provide stability and to reduce settlement 
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A gravel layer will be placed beneath the consolidated matenals to provide the subsurface 
dmnage layer This layer will provide adequate dmnage of ground water away from the 
consolidated matenals if the ground water elevahon nses above the histoncal high elevabon 
A sand and sand/gravel layer will be installed above the gravel dmn to prevent the consolidated 
contarmnated matenals from migratmg into the subsurface dramage layer causing a reduchon 
m its efficiency due to plugging Sand/gravel and Sand layers will be placed beneath the gravel 
dram These bottom layers will act as a filter so that any solids carned by the nsing ground 
water wlll not be deposited in the subsurface dmnage layer and cause a reduchon in its 
efficiency due to plugging 

Reclaimed A m  

The reclamed areas wd1 have several natural layers placed in the excavated areas to form 
a consistent slope The excavated areas include SET 207-C (Zone A), the hillside north of the 
SEPs to the downhill intersechon of the piezometnc surface with the topographic surface (Zone 
B), and the area north of the penmeter secunty fence (buffer zone) (Zone C) The reclsumed 
areas wdl reduce human and animal contact and provide consistent dmnage pathways to 
mmmlze damage from erosion The layers will be constructed of several matenals, each with 
its own funchon General backfill, topsoil, pea gravel and vegetation are included in the 
reclamahon cover design All of the matenals used in the reclamahon cover design can be 
obmned locally outside the boundanes of the RFETS and are consistent with the matenals used 
for the final engineered cover Contaminated matenals from the reclamed areas will have been 
removed and consolidated beneath the final engineered cover After excavahon of the 
contammated media and the use of imported clean backfill matenal in these areas, they will be 
considered protechve of human health and the environment Figure IV 3-10 and Drawing 
51045-123 illustrate the cross-sechon of the proposed reclamahon cover 

@ 

The surface layer will be composed of pea gravel and topsoil This layer will control 
erosion and support vegetahon To encourage root growth, this layer will not be compacted 
The general backfill beneath the surface layer will have a thickness necessary to establish the 
appropnate grade The general backfill layer will store water for vegetative growth The soils 
will be composed of imported clean backfill 

IV.3.1.3 Engineered Cover Performance Modeling 

The pnmary purpose of a final engineered cover is to minimize infiltrahon of 
precipitahon and to limit percolahon of water through the contaminated soils and liner matenals 
In determining the most effechve final engineered cover design, calculahon of the amount of 
infiltrabon percolating through the final engineered cover system is necessary to select the most 
viable cover components Infiltrahon is also important in predicting the potential for 
contaminant leaching and migrahon through the underlying vadose zone soils The Hydrologic 
Evaluahon of Landfill Performance (HELP), computer model Version 2 05, was used to eshmate 
the amount of infiltrahon and percolation through the final engineered cover design The HELP 
model was developed by the U S Army Corps of Engineers Waterways Expenment Station for 
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the EPA It was developed to facilitate rapid and economical esbmabons of the water movement 
through and out of landfills. HELP was chosen because of its widespread acceptance in the 
engmeemg commumty 

The HELP model pnxkbon of the infiltrabon rate was used to evaluate the effecbveness 
of the fmal engineered cover design and m prowdmg mput for the VLEACH Model to predict 
the potenbal for contarmnants to leach from the underlymg vadose zone sods (Secbon 10 4) 
The HELP model W also be used throughout the dew& design process to opbrmze the final 
engmeered cover design 

HELP is a quasi-two-dimensional computer code that models landfill performance with 
respect to the hydrologic cycle. Figure IV 3- 11 presents a conceptual model of the hydrologic 
mput and output data The model accepts climatologic data, sod charactensbcs, and design data, 
and ut&= a solubon techque that accounts for the dady effects of surface storage, runoff, 
mfiltrabon, percolabon, evaporabon and transpirabon, soil moisture storage, and lateral 
dramage HELP has the ablllty to model landfill systems including vanous combinabons of 
vegetabon, cover sods, waste cells, special dramage layers and relabvely impermeable bamer 
sods, as well as synthebc membrane covers and liners (Schroeder et al , 1988) HELP does not 
account for capdlary flow in the vanably saturated cover components and as a consequence 
provides a conservabve esbmate of percolabon through the final engineered cover (Nichols, 
1991) 

The proposed final engineered cover design which is shown in Figure IV 3-9 was 
modelled wth HELP This final engineered cover design was modelled using five different 
scenanos 0 

normal chmatological and vegetabon data, 
normal precipitabon with no vegetabon, 
projected 100 year storm event with normal temperature and normal vegetabon 
data, and 
projected future climate changes with a, 

- 15% mcrease in precipitabon, 
- 200% increase in precipitabon, and 
- 300% increase m precipitabon 

Normal chmatological and vegetabon data were modeled to establish a baseline for 
There is a possibility that fire, drought, or disease could destroy the vegetated 
Therefore, the model was run without vegetabon to determine the affect that 

The model was also run with parameters to reflect 

companson 
cover layer 
vegetabon had on cover performance 
projected climate changes such as an increase in precipitabon and temperature 
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IV.3.1.3.1 Soil Input 

HELP allows the user to enter soil charactenshcs to each layer by either the default 
ophon or the manual ophon Table IV 3-3 shows the charactenshcs for the 18 default sod types 
and the sod texture classificahon assigned using the United Soil Classificahon System (VSCS) 
avalable in HELP 

Under the default ophon, the user selects soil textures for each layer HELP calculates 
the mibal sod water content for each layer and the Soil Conservahon Service (SCS) runoff curve 
number for the top layer The manual input ophon allows the user to enter values for porosity, 
wilhng pomt, field capacity, inibal soil water content, and saturated hydraulic conductmty 
These propemes are defined below 

Porosity - the volumetnc soil water content at saturahon 

Field Car, - acity - the sod water content after a prolonged penod of gravity dmage  (also 
typically defined at moisture content of 1/3 bar) 

Wilbng Point - the lowest soil water content that can be achieved by plant transpirahon 
(also typidy defined at moisture content of 1/15 bar) 

Saturated Hvdrau lic Conductivity - the rate at which water d r a m  vertmlly through a 
saturated soil with no pressure gradient 

Soil Water Content - the raho of the volume of water m soil to the total sod volume (also 
known as the volumetnc moisture content) 

SCS Runoff-Curve Number - the concept of runoff-curve numbers was developed by the 
SCS to allow eshmahon of the relahve amount of surface water runoff that would result 
from a mnfall event Runoff curve numbers are a funchon of soil permeability, the 
antecedent moisture condihon, rate of precipitahon (intensity of mnfall) and the amount 
of mnfall intercepted by vegetahon or structures (ASI, 1991) Runoff curve numbers 
can theorebcally range from zero (an infinite retenbon and infiltrahon capacity) to 100 
percent (no retenhon and infiltrahon capacity) Typical values range from 40 or 50 
percent for well-draned soils, and up to 98 percent for developed areas (pavement etc ) 
(ASI, 1991) Curve numbers have been developed for each soil type for vanous land 
charactenshcs and land-use deagnabons at WETS by AS1 (1991) 
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TABLE IV.3-3 
HELP DEFAULT SOIL CHARACTERlsTICS 

Sod Texture Class 

HELP USCS 

1 GS 

2 sw 
3 SM 
4 SM 
5 SM 
6 SM 
7 SM 

8 ML 

9 ML 

Total Field Wdmg Saturated Hydrauhc 
POrOSlty capacity Poult Conduchvity 

0 417 0 045 0 018 1 OE-02 

0 437 0 062 0 024 5 8E-03 

0 457 0 083 0.033 3 . 1 ~ 4 3  

0 437 0 105 0 047 17E-03 

0 457 0 131 0 058 1 OE-02 

0 453 0 190 0 085 7 2E-04 

0 413 0 222 0 104 5 2E-04 

0 463 0 232 0 116 3 7E-04 

0 501 o 284 0 135 19E-04 

(VOVVOl) (VOVVOl) (VOVVOl) (cd=) 

10 

11 

sc I 0 398 I 0 2 4 4  I 0.136 I 1  2E-04 

CL IO464 I0310 I O  187 I 64E-05 

12 I 0 4 7 1  IO342 I 0 2 1 0  I42E-05 

13 

15 

16 

17 

18 

CH 0 430 0 321 0 221 3 3E-05 

CH 0 479 0 371 0 251 2 5E-05 

CH 0 475 0 378 0 265 17E-05 

Barner 0 430 0 366 0 280 1 OE-07 
soll 

h e r  0 400 0 356 0 290 1 OE-08 
soll 

Mumcipal 0520 0 294 0 140 2 OE-04 
Waste 

II 19 I Userdefined sod charactenshcs 

I Userdefined sod charactenstm 
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. .  Site S ~ e c  ific Soil Charactenstics 

The input soil data for the specific layers of the final engineered covers are summanzed 
below m the following paragraphs and in Table IV 3-4 

Under the soil charactensbcs opbon within the HELP model, the user is able to enter sod 
moisture parameters (descnbed above) that more accurately charactem site-specific sods or 
construchon layers (manual option) than the HELP default soil types Ideally, these parameters 
are measured withm a laboratory setbng or in the field Without these parameters being 
analyhcally measured, an eshmate can be obmned from a parhcle slze distnbubon of the sod 
along with an esbmate of the porosity or dry bulk density SodProp computer model version 
2 1 was used to esbmate the wdbng point, field capacity, and the saturated hydrauhc 
conducbvity Using the parhcle size distnbubon and porosity, SoilProp calculates a sod 
moisture curve that is descnbed by both Van Genuchten and Brooks-Corey equabons The 
parameters that descnbe the equabons can be related to field capacity and wilbng point pressure 
head by assuming the generally accepted industry standards of 1/3 and 15 bars respecbvely 
Due to numencal vanances in the form of the equation representahon of the moisture curve, 
slight discrepancies in the curve shape occur at low matnc potenbal Addibonally, within the 
HELP model there are limitabons on the minimum value (0 02 vol/vol) that is acceptable for 
wdbng point and field capacity, and a maximum value (103 34 cm) that is acceptable for the a- 
entry value (bubbling point) These limitabons had only minor impact upon the predicted values 
of SoilProp for the biobc layers 

For the final engineered cover, there are a total of eleven layers between the surface and 
the contaminated media The lower most layer, a gravel base course, serves as a structural 
support layer for the asphalt concrete above This layer is designed to be a structural support 
matenal, and therefore, was not considered in the analysis This layer was assumed to be 
combined with the contaminated media dunng construcbon of the final engineered cover Other 
layers have also been combined because their soil moisture charactensbc parameters are simdar 
or because of HELP limitabons The funcbon of each layer of the final engineered cover is 
descnbed in Sechon IV 3 1 2  The model-specific layers are also descnbed below 
Charactensbc parameters are in units of vol/vol, if not reported 

Angular Pea Gravel 

It is assumed that this 6 inch layer will be composed of imported crushed geological 
matenals Within the design life of the cover, it is assumed that this layer will eventually be 
absorbed into the topsoil and general backfill layers below, but to be conservabvely treated as 
a separate layer The esbmated parameters were obkned from HELP default values, Freeze and 
Cherry (1979), and EPA (1988) The soil parameters used in HELP for the porosity was 0 417, 
field capacity was 0 0454, the wilbng point was 0 02, the hydraulic conducbvity was 0 1 
cm/sec, and the inibal soil moisture content was 0 0454 This layer will not be compacted 
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e TABLE IV.3-4 
INPUT VALUES FOR SOIL AND BARRIER CHARACTERISTICS 

I- Thlchess 
(mches) 

Layer 
Type 

Poroslty 
(VOVVOl) 

Field 
cV=ty 
(VOVVOl) 

wlltlng 
Pomt 
(vol/vol) 

Saturated 
Hydrauhc 
Conduct 

6 Verhcal 0 4170 0 0454 0 0200 1 x lo1 

Verhcal 0 3400 0 1260 0 037 TopsolYGravel 
AdmdBackfill 

Sand Fdter #1 

0 1591 48 

12 Lateral 0 0358 0 0210 3009 0 3600 

Lateral 0 4300 0 0261 0 0200 9 757 12 

12 Lateral 0 4300 0 0217 0 0200 9 930 Upper Biotx 

Lower Biohc 

Sand Cushlon 

18 Lakral 0 4300 0 0217 0 0200 9 930 

12 Lateral 0 3600 0 0355 0 0210 2 917 

025 m e r  0 0200 1 10-9 0 0250 0 0263 

e o w  Ropoled IMIIRA-EA Ikcuna Doc- 
F ~ 1 0  1995 

IV-55 



e Too Soil/Gravel Admix/BackfiI~ 

It is assumed that this 48 inch top soil/gravel admix and general backfill layer wrll be 
composed of matenals from a local source and that the propeaes of the topsoil and the general 
backfill are consistent Soil properbes were eshmated from the Soilprop Computer code The 
sod parameters used m HELP for the porosity was 0 3400, field capacity was 0 1591, the 
wdhng point was 0 1260, the hydraulic conduchvity was 0 037 cm/sec, and the mbal soil 
moisture content was 0 20 This layer will not be compacted 

Sand Filter #1 

It is assumed that this 12-inch layer will be composed of imported geological matenals 
Within the design life of the final engineered cover, it is assumed that this layer wrll not be 
absorbed mto the topsoil, general backfill, or filter #2 below The parbcle size distnbuhon 
esomate was obmned from construchon specificahon requirements for the final engmeered 
cover The soil parameters used in HELP for the porosity was 0 36, field capacity was 0 03578, 
the wilhng point was 0 021, the hydraulic conduchvity was 3 01 cm/sec, and the inihal sod 
moisture content was 0 15 This layer will not be compacted 

Sand/Gravel Filter #2 

It is assumed that this 12-inch layer will be composed of imported geological matenals 
Within the design hfe of the cover it is assumed that this layer will not be absorbed into filter 
#1 or the biohc layers The parhcle size distnbuhon eshmate was obhned from construchon 
specificahon requirements for the final engineered cover The soil parameters used in HELP 
for the porosity was 0 43, field capacity was 0 02608, the wilhng point was 0 0200, the 
hydraulic conductwity was 9 7569 cm/sec, and the inihal soil moisture content was 0 10 This 
layer will not be compacted 

Uper and Lower Biotic Break 

It is assumed that these 30-inch combined biohc layers will be composed of imported 
crushed geological matenals The moisture properbes of the upper and the lower biohc break 
are assumed to be nearly the same Within the design life of the cover it is assumed that this 
layer will not be absorbed into the filter #2 or the sand cushion layers The parbcle size 
distnbuhon eshmate was obmned from construchon specificahon requirements for the final 
engineered cover The soil parameters used in HELP for the porosity was 0 43, field capacity 
was 0 0217, the wilhng point was 0 02, the hydraulic conduchvity was 9 93 cm/sec, and the 
inihal soil moisture content was 0 01 This layer will not be compacted 
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Sand Cushion 

It is assumed that this 12-inch sand cushion layer wdl be composed of imported 
geological matenals Within the design life of the cover it is assumed that h s  layer wdl not 
be absorbed into the biohc layers The pmcle size distnbuhon eshmate was obmed from 
construchon specificahon requlrements for the final engineered cover The sod parameters used 
m HELP for the porosity was 0 36, field capacity was 0 0355, the wilhng point was 0 021, the 
hydrauhc conduchvity was 2 917 cm/sec, and the initml soil moisture content was 0 05 Ttus 
layer will not be compacted 

Asphalt Bame r 

The asphalt barner is compnsed of two layers mcluding the rubberued asphalt membrane 
layer which overlays an asphalt concrete layer The HELP model does not have the ablllty to 
model a bamer layer directly below another bamer layer Therefore, the amount of infdtrabon 
was evaluated directly below the rubbenzed asphalt membrane layer 

Research performed at Hanford indicated a saturated hydraulic conduchvity of 6 x 10" 
cm/s for liquid asphalt (Freeman and Gee, 1989a) As a conservahve measure and for 
constructability, a saturated hydraulic conduchvity of 1 x cm/s was used in the model 
Porosity was calculated based on void raho informahon avalable from the Asphalt Inshtute 
Wiltmg point and field capacity were estimated based on the value for porosity 

1nit.d So 11 Water Content 

HELP was initmlly run for a minimum of 20 years to establish an equilibnum for the 
Subsequent HELP simulahons were run using these inihal soil inihal soil water content 

moisture content values 

SCS Runoff-curve Number 

The HELP model was set to calculate the SCS runoff-curve number A value of 63 11 
was calculated by HELP 

IV.3.1.3.2 Cover Design Input Data 

An illustrahon of the layout and area of the proposed OU4 final engineered covers is 
shown in Figure IV 1-1 Input parameters for the final engineered cover, surface area, slope, 
and lateral dmnage distance are shown below 

Engineered cover surface area = 499,452 ft2 

Side Slope = 5 1  
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Maxlmum lateral dramage distance along slope (feet) = 700 ft 

IV.3.1.3.3 Climate-Related Input Parameters 

Climate data used as input into HELP are divided into two categones, 

normal condihons, and 
predicted climate change condihons 

The differences are discussed below 
Colorado, however, where possible, site-specific data for Rocky Flats were used 

Default climatologic data is avadable for Denver, 

Chmahc change may occur as a result of emissions from human actwibes in the past 
century and may also result from natural achvihes such as volcanism Potenhal emissions 
released by these processes may increase the atmosphenc concentrahons of "greenhouse" gases 
carbon dioxide, methane, chlorofluorocarbons, and nitrous oxide (IPCC, 1992) Due to the 
increase in "greenhouse" gases some researchers predict an increase in average atmosphenc 
temperature, precipitahon and cloud cover (IPCC, 1990 and IPCC, 1992) Changes in these 
parameters will impact the local chmahc condihons potenhally resulhng in ulcreased 
precipitahon, increased temperature, decreased evaporahon and transpiratron, and increased 
infdtrahon Cloud cover absorbs and reflects solar radiahon, thus reducing the amount of solar 
radiahon received at the earth's surface As a consequence, the evaporahve demand at the 
surface would be reduced (Waugh, 1989) 

TemDerature 

Temperature data from the Rocky Flat's Plant Site Environmental Report for 1992 
(EG&G, 1992) was used as temperature input for normal climate condihons and are shown m 
Table IV 3-5 As previously menhoned, temperatures may increase dunng a potenhal climatx 
change due to an increase in "greenhouse" gasses Several models predict an increase 111 average 
annual temperature in North Amenca by 3 6-7 2°F (2-4T) dunng the winter months and 3 6- 
5 4°F (2-3°C) dunng the summer months by the year 2030 (IPCC, 1990 and 1992) There is 
much uncertamty to predictmg climate changes beyond 100 years so it was assumed that the 
temperature will increase and reach an equilibnum by the year 2030 To simulate temperature 
changes for the HELP model, normal mean monthly WETS temperatures were adjusted by 
adding 5 4°F to the months October through March and adding 4 5°F to the months Apd 
through September The numbers were based on a mean increase in temperature for the models 
descnbed above The adjusted normal mean monthly temperatures at WETS ("F) are shown 
in Table IV 3-5 
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TABLE IV.3-5 
MONTHLY TEMPERATURES AT ROCKY FLATS ENVlRO"TAI., 

TECHNOLOGY SITE eF)' 

Normal (Mean) Monthly Adjusted Normal (hkan) 
Temperatures Monthly Temperatures 

1 January 31 0 36 4 ' February 33 0 38 4 

' March 37 0 42 4 

A P d  45 5 50 0 

' May 55 5 600 

June 6 4 5  69 0 

July 71 5 76 0 

August 70 5 75 0 

September 61 5 660 

October 52 5 57 9 

November 40 0 45 4 

December I 33 5 I 38 9 

* Data taken from EG&G (1992) 
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Three opbons are avadable to generate climatologic data a default precipitabon opbon, 
a manual precipitabon opbon, and a synthebc precipitahon ophon For the purpose of ths 
performance assessment the synthebc precipitahon ophon was used with precipitauon data for 
WETS 

Under the synthebc precipitabon ophon the user has the opbon of entenng normal mean 
monthly precipitabon values to adjust for specific locabons The fust column in Table IV 3-6 
shows the normal (mean) monthly precipitabon values for WETS The second column shows 
the average, monthly precipitabon values used as mput for the HELP model to adjust the data 
for Rocky Flats The thud column shows the average, monthly, precipitabon values generated 
by HELP By entenng the user-defined precipitahon values, HELP can generate precipitaQon 
values that replicate the averages for WETS precipitahon 

Precipitabon may increase dunng potenbal climabc change Several models predict an 
mcrease in average annual precipitabon by as much as 15% in the Northern Hemsphere by the 
year 2030 CrpCC, 1990 and 1992) Because of the uncertamty with predicbng climate changes 
beyond 100 years, the precipitabon will be increased by 15, 200, and 300 percent to compare 
the cover performance under extreme condibons if the precipitabon conbnues to increase 

Thirty years of site-specific WETS precipitaoon data were used to stabsbcally predict 
a total annual precipitabon amount for a 100-year storm event Exisbng monthly precipitabon 
averages were used to calculate monthly averages to simulate a 100-year storm event modeling 
Scenano 

Growing Season 

WETS is located at an elevabon of approximately 6OOO feet above mean sea level The 
average growing Season in this area is 126 to 142 days feet (SCS, 1980) The growmg SeaSOn 
used for this model was assumed to be 135 days and is shown below in the Julian Date model 
input format Although the length of the growing Season will probably increase dunng climabc 
changes, no estimates of the changes are avadable so 135 days was used for the climabc change 
scenmo 

139 
End of growing Season (Juhan Date) = 274 

- - Start of growing season (Julian Date) 
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e TABLE IV.3-6 
PRECIPITATION DATA 

Average 
Monthly 

-pi tabon 
Input mto 

HELP Model 
(mches) 

Average (20 

Monthly 
Preapitabon 

Model 

Year) 

output of 

(mches) 

Normal 

Monthly 
Precipitabon at 

RFETS 
(mches)* 

We=) 
Average 
Monthly 

Pmipitabon 

HELP 
100 Year 
Stom 

Input mto 

0 46 0 5 1  I 0 8 8  I 0 4 6  

0 48 0 5 3  1 0 9 1  I 0 4 8  

122 126  I 2 1 6  I 122 

1 73 2 4 0  I 4 1 2  I 173 

2 74 3 1 8  I 5 4 6  I 2 7 5  

1 85 155 I 2 6 6  I 185 

R July 149 138 I 237  I 149 

152 August 

149 150  I 2 5 7  I 149 

0 92 108 1 85 0 92 

0 62 106  0 79 

064 1 10 064 

16 32 28 15.34 

1 November 0 79 

064 

15 33 Total Annual 
Precipitabon 

* Data taken from EG&G (1992) 
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EvaDotransD iration Inqut 

Evapotranspirabon is a significant factor in determining mfiltrabon through the final 
engineered cover HELP models evapotranspirabon as three components evaporabon of water 
from the surface, from the soil, and transpirabon from the plants HELP overesbmates the 
amount of evapotranspirabon in and and semi-and environments To counter overesttmatton 
of evapotranspmbon, conservabve values were used for the parameters that affect 
evapotranspirabon the most in the HELP model evaporabve zone depth and maximum leaf area 
mdex (vegetabve cover) These will be discussed in deml below 

EvaDorat ive Zone Depth 

Evaporabve zone depth is the maximum depth from which water may be removed by 
evapotranspirabon Where vegetabon is present the evaporabve depth should at least equal the 
expected average depth of root penetrabon The actual evaporabve zone depth is slightly greater 
than this due to capillary actton (Schroeder, 1988) An increase in evaporabve zone depth 
produces an increase in evapotranspirahon and generally a decrease in lateral dmnage and 
percolabon (EPA, 1991) Loamy or clayey soils in the Rocky Flats area with slopes less than 
3 1, have an effecbve root depth of up to 60 inches (SCS, 1980) The m a n  plant species on 
these soils consist of tall-pmne grasses western wheatgrass, blue gramma, green needlegrass, 
and httle bluestem (SCS, 1993) HELP designates a value of 28 inches and 14 mches as a 
typical root depth value for a far stand of grass and no vegetabon, respecbvely, in Denver, 
Colorado For the purpose of this evaluabon a conservabve evaporabve zone depth value of 18 
and 14 inches was used to simulate poor vegetahon and no vegetabon, respectwely 

Evapotranspirabon would likely decrease under the projected climate changes due to a 
decrease in solar radiahon from increased cloud cover To simulate this effect the evaporabve 
zone depth was decreased to a value of 12 inches 

Maximum Leaf Area Index 

Maximum leaf area index is the dimensionless rabo of the leaf area of acbvely transpinng 
vegetabon to the nominal surface area of the land on which the vegetabon is growing Typical 
values used in the HELP model (Schroeder et al, 1988) are 

0 0 for bare grass, 
1 0 for poor grass, 
2 0 for far grass, 
3 3 for good grass, and 
5 0 for excellent grass 

As the leaf area index increases, the amount of evapotranspirabon increases Given the 
precipitahon values and the length of the growing season, the maximum leaf area index for 
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Denver, Colorado is 2 5, wthout irngabon A value of 1 0 was used as the maxlmum leaf area 
index for the poor grass scenano These are 
conservabve esbmates considenng the maximum leaf area index value for Denver is about 2 5 

A value of 0 0 was used for no vegetabon 

A wetter climate would likely increase the abundance and diversity of plants capable of 
growmg in the WETS area Under the increased precipitabon condibons a maximum leaf area 
index of 2 5 was selected This value is equivalent to the esbmated leaf area index for Denver 
under present-day climabc condibons and therefore is conservabve for simulatmg potenhal 
chmabc change 

Latitude 

The labtude used for solar radiation data generabon for normal condibons is 39 77" 
North, the labtude of Denver, Colorado There is not data avadable to support changing the 
labtude to reflect climate changes A sensibvity analysis was performed to measure the effects 
of labtude on the performance of the cover The results show that labtude had an msigmficant 
effect on percolabon through the cover For this reason the lahtude used in the chmate change 
simulabon will remam the same as that used for normal condibons 

A summary of the climate input parameters used in HELP are shown in Table IV 3-7 

TABLE IV.3-7 
SUMMARY OF CLIMATE INPUT PARAMETERS 

Normal Condibons 

Vegetabon No Vegetabon 100-Year Storm 
Input Parameter 

Evaporabve Zone 18 inches 14 inches 18 inches 
DeDth 

Maximum Leaf Area 
Index 

1 0  
O 0  I 

Climate 
Change 

Condibons 

12 mches 

2 5  

~ ~~ ~~ ~~~~ ~ ~~~ 

IV.3.1.3.4 Results of the HELP Model 

The HELP model results are shown in Table IV 3-8 These results show that inclusion 
of the capillary break, dmnage layer, and asphalt bmer in the final engineered cover 
significantly limits the amount of percolabon through the final engineered cover Even for a 
100-year storm event or when the precipitahon is increased by 15, 200, and 300 percent under 
the possible climate change scenanos, the asphalt barner minimizes the amount of percolabon 
through the final engineered cover 
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TABLE IV.3-8 
HELP MODEL RESULTS” 

Percolabon through 1OOO-year cover (wth asphalt 
layer) (mchedyear) and (ft?/year) 

Normal Condrbons 0 0068 
283 

No Vegetabod Normal 
Prempitahon 

0 0071 
296 

100 Year Storm EvenVNormal 
Temperature and Normal 296 
Vegetahon 

Chmate Changed 15% Increase 
m Precipitabon 296 

0 0071 

0 0071 

I Chmate Changed 200% A Increase m Precipitabon 
0 0072 

300 

Changes/ 
300% Increase m Precipitabon 

0 0075 
312 

Note Volumetnc mfiltrabon rate (ff?/yr) is dependent on the enpeered cover area 

1/ Percolabon values were taken from the Average Annual Totals Secbon m the HELP model 
output 
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In general, modeling normal condibons of vegetabon will decrease the amount of surface 
runoff and increase the amount of evapotranspirabon, but tends to have little effect on the o v e d  
water balance (EPA, 1991) The results of the model runs support this finding The results 
mdicate that vegetabon does not appear to significantly affect percolahon As menboned earlier, 
HELP does not account for capillary flow The results of the "no vegetabon" scenano may in 
fact be different and show that vegetabon plays a more important role in reducing the amount 
of percolabon if HELP accounted for this type of flow 

@ 

The results of the HELP model indicate that the final engineered cover design wll 
sigmficantly reduce the amount of infiltrabon that percolates through the fmal engmeered cover 
Under all scenanos, percolabon through the final engineered cover is reduced to below 0 1 
mchedyear Leachmg esbmates show that an infiltrabon rate of lxlO" cm/s is sufficient to 
protect ground water The modeling results predict that the proposed final engmeered cover wdl 
be effecbve at minimizing the amount of precipitabon that infiltrates into the consohdated 
contammated matenals These results were used in the VLEACH model (Secbon 10 4) to assess 
whether the expected quanbty of infiltrabon will result in a quality of leachate that will be 
protecbve of human health and the environment 

IV.3.1.4 Waste Handlmg and Placement 

Contaminated matenals will be consolidated beneath the final engineered cover above the 
subsurface dmn The different consolidated matenals will consist of 

a Soils, 
Liners, 
Processed sludge, 
Processed pondcrete, and 
Debns which can not be decontaminated 

The consolidabon of these vanous contaminated matenals will be engineered to resist 
differenbal settlement and compacbon, and to enhance the stability charactensbcs of the 
consolidated matenals Soils from SEP 207-A and the 207-B senes SEps, crushed liners, 
processed sludge, and processed pondcrete will be blended together to form a homogeneous 
consolidated matenal that will be dispositioned upon the subsurface dmnage layer The mixture 
wlll consist predominantly of soil such that compacbon requirements can be achieved A 
homogenous mixture that is equally compacted will provide a stable base for the construcbon 
of the overlying final engineered cover and reduce the potenbal for differenhal settlement Stnct 
construcbon procedures will be specified for the blending, disposibon, and quality control of 
these contaminated matenals Soils from SEP 207-C will be excavated, disposihoned above the 
mxed consolidated matenals, and compacted These soils will be disposiboned separately from 
the blended matenals because the mixing operabon will occur in SEP 207-C prior to its 
excavabon A trench will be excavated within the disposiboned and compacted SEP 207-C soils 
for the disposibon of the debns that can not be decontaminated The trench will be filled with 
grout so that the void spaces caused by the size reduced debns are plugged The groubng will 
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mimmize differentral settlement Finally, the surface sods from areas adjacent to the SEPs wdl 
be excavated and disposihoned above the SEP 207-C soils in a thm layer These sods are 
dispositroned in a thin layer at the top since this soil will have a high organic content which may 
degrade and cause settlement Settlement of a thin layer will not impact the stability of the final 
engineered cover Addihonal deals concerning the construchon of the consolidated 
contaminated matenals is presented in Sechon IV 6 5 

0 

IV.3.1.5 Design of the Subsurface Drainage Layer 

As presented in Part 111, Appendix D, the thickness of the vadose mne beneath the SEPs 
ranges from 0-20 feet with respect to the mean seasonal high ground water elevatron The 
ground water elevahon fluctuates seasonally Appendix III D provides modehng results 
indicahng that if the ground water elevahon were to nse in the future to saturate soils above the 
mean seasonal high ground water elevahon, then contaminants could leach from the sods 
resultrng in concentrahons that would not be protechve of ground water quality as calculated for 
an onsite resident at the IHSS boundary (toe of the final engineered cover) In order to mhgate 
the potenhal for ground water contaminahon that could result from a possible nse m the ground 
water elevahon, DOE wrll excavate the contaminated soils, install a subsurface dramage layer, 
and consohdate the excavated soils with the liners, processed sludge and pondcrete, and debns 
beneath the final engineered cover and above the subsurface dmnage layer 

DOE esbmated the conceivable distance that the ground water elevabon could nse in 
order to determine the water removal efficiency of the subsurface dmnage layer The maximum 
anbcipated nse in ground water is 2 2 feet (Appendix I11 D) This value is used as the design 
basis for the subsurface dmnage layer 

Desim Details o f t  he Subsu dace Drainage Lave r 

The subsurface dmn is included within the final engineered cover design as a mitrgahve 
contarmnahon control measure in the event that the ground water elevahon nses above the mean 
seasonal high ground water elevahon A subsurface dmn system was selected as the preferred 
technology because it will operate passively if the mean seasonal high ground water elevahon 
is exceeded A low permeability liner system was considered, but was not selected because it 
would require a leachate collechon/detection system This would violate the regulatory 
requirements for a closure system that could funchon passively for a 1,OOO-year penod 
Appendix I11 E presents a companson between a subsurface dmnage system and vertmlly 
installed hydraulic barners (slurry cutoff walls), and jusbfies the selecbon of the subsurface 
dmnage system 

The base of the subsurface dram will be placed at the elevahon of the mean of the 
seasonal high ground water elevahon (Drawing No 51045-122) This system wdl remam dry 
throughout most of the year The dmnage system will funchon only when the ground water 
elevahon nses above the mean seasonal high ground water elevabon Therefore, dunng some 
years it will funchon dunng the wet season, and other years it may not be required to funchon 
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It is anbcipated that the system will only flow for a few weeks d u n g  years when the ground 
water elevabon nses to a level greater than the mean seasonal high ground water elevabon 0 

The conceptual design of the subsurface dram layer consists of a uniform, 2 5-foot thick 
gravel layer with bottom elevabons corresponding to the mean seasonal hgh ground water 
elevauon The potenbal 2 2-foot nse in ground water will be contamed within the gravel layer, 
whch will dmn to the ITS system through a system of subsurface gravel trenches Appendtx 
III E presents informabon on the hydraulic effecbveness of this system Addibonally, filter 
layers wdl be incorporated above and below the gravel layer to prevent clogging and mgrabon 
of fine soil parkles into the dmnage gravel Filter fabncs wdl be installed above and below 
the gravel layer to ensure separabon of matenals dunng construcbon 

N.3.2 Building 788 and Ancillary Equipment and Debris 

Building 788 is located within the boundmes of OU4 and must be dismantled pnor to 
or along with implementabon of the OU4 IM/IRA Building 788 (including ancillary equipment) 
is idenbfied in the RCRA Part A apphcabon as Unit 21 and has been used subsequent to 
operabon as a warehouse Building 788 operabons were part of the "pondcrete" process which 
involved waste stabihzabon of a mixture of sludge removed from the WETS SEPs and cement 
used for solidificabon RCRA Unit 48, located within Building 788, is idenhfied as the 
pondcrete solidificabon process, and was used to treat waste contaming both radiological and 
hazardous waste consbtuents (mixed waste) via solidificabon 

Budding 788 (including Units 21 and 48), although subject to the OU4 IM/IRA 
implementabon acbvibes, must be closed and managed according to the RCRA closure 
requirements The closure acbvibes will comply with the requirements of the Colorado 
Hazardous Waste Act (CHWA) and RCRA, as well as the closure requirements for the SEPs as 
idenbfied in the ARAWTBC Compliance Demonstrabon Table (Table IV 11-1) As specified 
in 6 CCR 1007-3, 265 114, all contaminated equipment, structures, and soils must be properly 
disposed or decontaminated unless specified in 6CCR 1007-3, 265 197 Closure will be in 
accordance with regulabons and standards for intenm status units promulgated under applicable 
secbons of 6 CCR 1007-3, 265, Subparts I and J, respecbvely Post closure provisions and 
requirements will not be imposed because the units are not being closed as a hazardous waste 
landfill 

Any idenbfied hazardous wastes and constituents will be removed from the areas in which 
Units 21 and 48 are located Remediation waste, including hazardous waste debns, will be 
managed in accordance with applicable RCRA requirements as sbpulated in the Waste 
Management Plan (Secbon IV 4) It is proposed that remediabon waste, both solid and 
hazardous waste, that cannot be effecbvely decontaminated from the closure of these units be 
consolidated within the OU4 CAMU 

Contaminated debns and waste mated (remediabon waste) will be generated dunng the 
removal of Building 788 and the ancillary equipment (sludge processing and storage units, 
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RCRA Units 48 and 21, respechvely) as part of the remediabon of OU4 The contammated 
debndwaste mated  that cannot be effecbvely decontaminated wlll be consohdated beneath the 
final engineered cover within the OU4 CAMU Reusable equipment is not Considered waste and 
will therefore be segregated from the waste streams 

IV.3.2.1 Buildmg 964 and Ancillary Equipment and Debris 

Building 964 is located within IHSS 176 (Operable Unit lo), and must be dismantled 
pnor to or along with the implementahon of the OU4 IMIIRA Buildmg 964, located mside the 
protected area (PA) and east of SEP 207-B Center, consists of a wood frame structure covered 
with galvanized steel siding and a rolled asphalt roof The facihty is idenhfied m the RCRA 
Part A applicahon as RCRA Unit 24 Building 964 ongmally served as a tool shed for the 
mamtenance contractor In the mid 1980s, Building 964 was modified for use as a RCRA 
permitted unit for long term storage of low-level mmed waste Budding 964 contams 2091 
drums of low-level mixed waste and 17 cargo contamers that currently store low-level mixed 
waste The drums and cargo contamers will be removed from Building 964 for storage at an 
approved hazardous waste storage facility pnor to the IM/IRA construchon 

Building 964, although subject to the OU4 IM/IRA implementahon achvihes, must be 
closed and managed according to the RCRA closure requirements The closure acbvibes wrll 
comply with the requirements of the Colorado Hazardous Waste Act (CHWA) and RCRA, and 
closure requirements for the SEPs as idenhfied in the ARAWTBC Compliance demonstrahon 
table (Table IV 11-1) As specified in 6CCR 1007-3, 264 114, all contaminated equipment, 
structures, and soils must be properly disposed of or decontaminated unless specified in the 6 
CCR 1007-3, 265 197 (Closure and post-closure care) Closure will be in accordance with the 
regulabons and standards for permitted facilibes promulgated under 6 CCR 1007-3,264, Subpart 
G Post Closure provisions and regulations will not be imposed because the units are not being 
closed as a hazardous waste landfill 

a 

Based on previously conducted radiological screening, Building 964 is assumed clean 
from a radiological perspecbve and does not have a history of contaminahon concerns Any 
idenbfied hazardous wastes or conshtuents will be removed Remediahon waste, including any 
identified hazardous waste debns, will be managed in accordance with applicable RCRA 
requirements as stipulated in the Waste Management Plan (Sechon IV 4) It is proposed that 
remediabon waste from the closure of Building 964 (both solid and hazardous waste) that cannot 
be effechvely decontaminated will be consolidated within the OU4 CAMU 

Contaminated debns, rubble, and waste matenal may be generated dunng the removal 
of Budding 964 as part of the remediation of OU4 Any contaminated debns/waste matenal that 
cannot be decontaminated for free-release, will be consolidated beneath the final engineered 
cover within the OU4 CAMU [Hence, building matenals such as scrap metal, etc , which is 
not considered waste, will therefore be segregated from the waste streams for recycle or reuse 3 
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IV.3.2.2 RCRA Units 21 and 48 Closure Sequence 

The following discussion presents the engineenng approach for closure of RCRA Umts 
21 and 48 The scope of the demolibon is limited to the demolibon and disposibm of equipment 
and structures compnsing RCRA Units 21 (Building 788) and 48 (pondCrete Sohdificabon 
Process) It is anbcipated that the closure, demolibon, and disposibon of the components wdl 
use commonly pracbced engineenng and dismantling techniques that wdl not pose unusual 
techmcal difficulbes All equipment and structures will be demolished, staged, and disposiboned 
per Secbon IV 4 (Waste Management) All remaning concrete pads and soils wlll be addressed 
as descnbed in Secbon IV 6 5 The closure sequence presented in thu sectton is a prehmmary 
planrung sequence, subject to adjustment based on several factors such as avatlable resources, 
technical feasibility, regulatory considerabons, required control measures, and coordinabon with 
acbvibes planned for OU4 remediabon 

Pnor to any demolibon efforts, all equipment and structures will be inspected to venfy 
that all residual sediments, sludges, or free liquids have been removed In the event residuals 
are discovered, they will be removed, packaged, and shipped to a treatment, storage, and 
disposal facility (TSDF) Ram water collected in the clanfier, that meets the waste acceptance 
cntena, will be removed and transferred to an onsite wastewater treatment facility A sampling 
and analysis effort in conjuncbon with a regulated reuse and treatment evaluabon will be 
conducted to strengthen segregabon procedures that will be implemented dunng demohbon and 
removal acbvibes To determine which matenals are recoverable, recyclable, or 
nonrecoverable, evaluabon factors will be used which include (but are not limted to) economic 
considerabons, avatlable decontaminabon and/or treatment process opbons, volumes of 
secondary matenals generated, and avalabihty of disposibon opbons Waste mimmizabon 
considerations will be factored into the demolibon sequencing evaluabons It is assumed that 
intenm staging areas within the area of the SEPs will be needed for debns segregahon 

Debns that is generated dunng the implementabon of the removal acbvibes will be 
managed in a manner consistent with the applicable requirements presented in the Waste 
Management Plan Secbon IV 4 The segregation strategy is to minimize or eliminate cross- 
contaminabon between debns dunng storage, and to manage the debns in a manner which 
facditates its final disposibon First-level segregabon will require sortmg based on waste type 
or form (1 e , radiological waste, hazardous waste, mixed waste) Second-level segregabon 
within the first-level categones may be required based on media type (e g , equipment, etc ) with 
respect to potenbal future treatment and/or disposibon opbons for that media 

All equipment from RCRA Units 21 and 48 will be removed and staged within IHSS 101 
(SEP 207-C is preferred) for the evaluabon and implementabon of waste management 
requirements, including size reducbon Size reducbon will involve dismantling to the extent 
pracbcable and cutbng After size reduction, these matenals will be further staged in SEP 207- 
C and awat treatment and/or disposibon beneath the final engineered cover Size reducbon 
acbvibes for contaminated matenals will be conducted in Permacon@ structures equipped with 
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portable high-efficiency partxulate a r  (HEPA) filters to minimize the potenbal of releases to 
the environment 

Throughout the closure acbvibes, control measures will be in place to mmmm the 
potenhal spread of contaminahon, protect the workers, the public, and the environment, and 
mmmize arborne radiological and nonradiological contarmnabon These measures will be 
implemented in the form of both engineered and administrabve controls Typical engmeered 
controls mclude physical bamers, conhnments, wetbng agents, fixabves, filtrabon equipment, 
and sealants In addihon to the engineenng controls, administrabve controls will also be 
implemented, including (but not limited to) controlling work area accesdegress, establishmg 
radiological control zones, monitonng personnel within and pnor to exit of work zones, and 
momtonng the success of the engineered controls 

Upon venficabon that all of the equipment is visually free of sediments, sludges, and 
hquids, the removal/demolihon of RCRA Units 21 and 48 wlll be conducted sequenhally by 
zone as shown on Drawing 51045-432 In addibon, both before and after all matenals and 
equipment have been radiologically surveyed, appropnate controls shall be used to prevent the 
spread of contaminabon Zone 1 includes equipment associated with RCRA Unit 48 situated on 
the northwest side of Building 788 This equipment includes a Morgan Mustang-Pumper, which 
is enclosed in an engineered building which will also be dismantled The cement muter, cement 
storage silo, and propane storage tanks are likely to be removed pnor to the mibabon of RCRA 
closure acbvibes Zone 2 includes a cement silo and its ancillary equipment located south of 
Building 788 (Secbon IV 6 5) Zone 3 contams the clanfier, its associated ancdlary equipment, 
and the pugmill mixer Dismantled equipment from Zone 3 will be handled by the methods 
descnbed previously 

The complehon of achvibes for Zones 1 and 2 will provide better access to SEP 207-C 
when transportmg Zone 3 equipment to SEP 207-C for size reduchon Addibonally, removal 
of all major equipment and structures around Building 788 will increase the efficiency of the 
excavabon and hauling achvibes involving SEP 207-C Pnor to inibabng the SEP 207-C sods 
excavabon, demolibon matenals from Zones 1 through 3 wlll require relocabon Certam 
matenals will require unique handling and packaging pnor to transport to the intenm staging 
area(s) Loose matenals will be controlled dunng transport to reduce the potenbal for 
contaminant release and migrahon Matenal/waste generated dunng the intenm remedial acbon 
will be managed in accordance with the waste management cntena established in Secbon IV 4 

Zone 4 includes Building 788 and support utdibes Decommissioning of Building 788 
will be performed in a systematic and controlled manner to enable these matenals to be 
strategically situated under the final engineered cover for efficient and effecbve construcbon of 
the final engmeered cover Non-destrucbve demolibon techniques shall be employed to the 
extent pracbcable This involves effectwely disassembling the building in a similar manner as 
it was erected All building matenals will be segregated by shape (1 e , flatwork and bulk) 
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IV.3.2.3 Building 964 Closure Sequence 

The following discussion presents the approach for decomrmssioning of Building 964 
The scope of the demolibon is limited to demolishing Building 964 down to the concrete floor 
slab to allow for the IM/IRA Phase I closure of the SEPs The scope includes disposibon of the 
debns, and waste matenals in the OU4 CAMU or at the WETS solid waste landfill It is 
anbcipated that the closure, demolibon, and disposihon of the components will use commonly 
pracbced engrneenng and dismantling techniques that will not pose unusual technical difficulbes 
Buildmg 964 wdl be demohshed, staged, and disposihoned per Secbon IV 4 (Waste 
Management) The remammg concrete pad and assocnted soils will be addressed as descnbed 
in Secbon IV 6 5 The closure sequence presented in this sechon is a prelirmnary planmg 
sequence, subject to adjustment based on several factors such as avadable resources, technical 
feasibdity , regulatory considerahons, required control measures, and coordinahon with achvihes 
planned for OU4 remediabon 

Pnor to demolibon efforts, all waste storage drums, cargo contamers, wood pallets, and 
mscellaneous items will be removed from the facdity and monitored and cleared by WETS 
Radiological Engineenng before removal from the protected area All debns and waste 
matenals generated dunng building removal will be sorted as follows 

0 Free release 
contaminahon shall be recycled or disposed in the WETS landfill 

Items determined by radiological engineenng to be free of 

0 Decontaminahon to Free release Items contaminated which can be 
decontaminated and then recycled or disposed in the WETS landfill 

0 Contammated Items determined by radiological engineenng to be contaminated 
shall be sorted, stacked and stored for later incorporahon under the OU4 CAMU 

Addihonally , to determine which matenals are reusable, recyclable, or nonrecoverable, 
evaluabon factors will be used which include (but are not hmited to) economic considerabons, 
avadable decontarmnahon and/or treatment process opbons, volumes of secondary matenals 
generated, ALARA (building matenals generated from the demolihon, and avalability of 
disposibon ophons Waste management considerahons are factored into the demolibon 
sequencing evaluahons The debns and waste matenals generated by the demolibon may be 
staged in temporary laydown and sortmg areas unhl ulhmate disposihon locabons can be 
determined Contaminated matenals will be staged within the CAMU Uncontammated 
matenals may be staged outside the CAMU 

Debns that is generated dunng the implementahon of the removal achvibes will be 
managed in a manner consistent with the applicable requirements presented in the Waste 
Management Plan Sechon IV 4 The segregahon strategy is to minimize or eliminate cross- 
contaminahon between debns dunng storage (if required), and to manage the debns in a manner 
which facilitates its final disposihon First-level segregabon will require sortmg based on waste 
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IV.3.2.4 Certification of Closure 

\ 

type and form (I e , radiological waste, hazardous waste, mixed waste) Second-level 
segregabon within the first-level categones may be r e q u d  based on media type (e g , 
equipment, etc ) with respect to potenbal future treatment and/or disposibon opbons for that 
media Budding matenals may be segregated by shape (I e , flatwork and bulk) 

' 
All debns and waste matenals from Building 964 will be removed and staged for the 

evaluabon and implementabon of the waste management requirements, including slze reducbon 
Slze reductron will involve dismantling to the extent pracbcable and cuttmg as required 
Followmg size reducbon, these matenals may be further staged in their temporary laydown areas 
and awatt treatment and/or final disposibon determinatron Size reducbon actrvibes for 
contaminated matenals (where contaminant release is a concern) will be conducted in Permacon@ 
structures equipped with portable high-efficiency partxulate atr (HEPA) filters to mimmze the 
potenbal of releases to the environment 

Throughout the closure acbvibes, control measures will be in place to m m m  the 
potenbal spread of contaminabon, protect workers, the pubhc, and the enwronment, and 
mmmue mrborne radiological and non-radiological contaminabon These measures will be 
implemented in the form of both engineered and administrabve controls Typical engineered 
controls include physical bamers, conbnments and wettmg agents, fixabves, filtrabon 
equipment, and sealants In addibon to the engineered controls, administratme controls will also 
be implemented, including (but not limited to) controlling work area accesdegress, establishing 
radiological control zones, monitonng personnel within and pnor to exlt of work zones, and 
monitonng the success of the engineered controls 

Dunng and following the intenm remedial acbvibes, certillll debns and waste matenals 
that is generated will require unique handling and packaging pnor to thew transport to the 
temporary laydown and staging area(s) Loose matenals will be controlled dunng transport to 
reduce the potenbal for contaminant release and migrabon Debns and waste matenals 
generated dunng the intenm remedial acbon will be managed in accordance with the waste 
management cntena established in Section IV 4 The demolition actrvibes will be performed 
in a systemabc and controlled manner to enable the debns, rubble, and waste matenals 
designated for disposal under the OU4 CAMU to be strategically situated under the final 
engineered cover for efficient and effecbve construcbon of the final engineered cover Non- 
destrucbve demolibon techniques shall be employed to the extent pracbcable This involves 
effecbvely disassembling the building in a similar manner as it was erected 

a 

As required by 6 CCR 1007-3, 265 115 (Cemficahon of Closure), "within 60 days of 
complebon of closure of each hazardous surface impoundment, waste pile, land treatment, and 
landfill unit, and within 60 days of the complebon of final closure, the owner or operator must 
submit to the [CDPHE] by registered mal, a ce~ficabon that the hazardous waste management 
unit or facility, as applicable, has been closed in accordance with the specificabons m the 
approved closure plan The cerbficabon must be signed by the owner or operator and by an 
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independent registered professional engineer Documentahon supporhng the independent 
registered professional engineer's cerhficahon must be furnished to the [CDPHE] upon request 
unhl he releases the owner or operator from the financial assurance requirements for closure 
under 6 CCR 1007-3, 266 14 (Financial assurance for closure and or post-closure) 

The definihon for "final closure", presented in 6 CCR 1007-3,260 10, means the closure 
of all hazardous waste management units at the facility are in accordance with all applicable 
closure requirements so that hazardous waste management achvihes under Parts 264 and 265 of 
these regulahons are no longer conducted at the facility unless subject to the provisions m 
Sechon 262 34 Since Units 21, 48, and 24 are not being closed as land disposal umts, closure 
cerhficahon for these units is not required unhl all RCRA units at the WETS are closed Due 
to the number of RCRA units at WETS and the hme penod over which closure achvihes wlll 
be conducted, it was decided that a preliminary Cerhficate of Closure will be issued for Units 
21, 48, and 24 following their closure as part of the OU4 IM/IRA A final Cerhficate of 
Closure will then be issued following the closure of the other hazardous waste management units 
at the WETS which will include Units 21, 48, and 24 and all the other RCRA units undergoing 
closure The preliminary closure cerhficahon will be signed by the owner's representahve, the 
operator's representahve and an independent registered professional engineer 

A cerhficabon statement will be provided to document that closure is completed m 
accordance with the provisions of the approved OU4 IM/IRA As back-up informahon to the 
cerhficahon statement, closure achvihes will be observed by the independent engmeer and will 
be documented in a closure report The closure report will consist of the following 

Field logs descnbing major closure acbvihes, 

Photographs, 

Waste analysis and charactenzation data, if required [NOTE Waste generated 
dunng remedial achvibes will be charactenzed and evaluated to determine hazardous 
waste streams pursuant to 6 CCR 1007-3, 261, and 262 11, 

Any agency correspondence descnbing closure agreements, and 

Other pertment informahon which will provide a histond record for the closure 
actwities including (but not limited to) records/documentahon miuntamed for waste 
generahon, classificabon, minimizahon, segregahon, treatment, packaging, storage 
and manifestmg for offsite transport to venfy proper management and final 
disposibon of the waste and equipment in compliance with the approved IWIRA DD 

The closure cntena and actwibes for waste management must be implemented to venfy 
that closure is completed according to applicable requirements When closure is complete and 
cerhfied, the units will be removed from the Part A Permit applicahon Also, in accordance 
with 6 CCR 1007-3, 264 552, as part of the post-closure requirements, a nohficahon to the 
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property deed will be provided to nohfy any potenhal purchaser of the property that the land has 
been used to manage hazardous waste ' 
IV.3.3 Utdities Dlspositioning 

There are numerous utdity lines throughout the OU4 area Some of the utdIhes wdl need 
to remam in service after closure of the SEPs If these uhlities wdl be impacted by the SEP 
closurdremediahon, they wlll be relocated Uhlibes that wdl be impacted by the final 
engineered cover that can be removed from service will be removed or closed in place Figure 
IV 3-12 provides a flow diagram that will be used to assess the removal or rerouhng of all the 
utdihes in the vicinity of the OU4 SEPs Drawing 51045-430 idenhfies and locates the utdIhes 
in the vicmity of the SEPs The following sechons address how the uhhhes wll be removed, 
rerouted, or closed in place 

IV.3.3.1 Utdities Requiring Removal or Rerouting 

There are several utdihes that will remam in operahon after closure of the OU4 SEPs 
Domesbc cold water, raw water, storm dmns, and telephone and electncal power will remam 
111 Service in and around the OU4 area, and will require relocabon The following steps will be 
required to accomplish removal and rerouhng 

Excavahon of the bund uhlities from the connechon to the plantwide system to the 
farthest service point will be required Health and safety personnel will be present 
dunng excavahon to provide both radiological health and safety evaluahons All 
excavated matenals will be lad in piles parallel to the excavahon trench Excavahon 
procedures will be specified in the project-specific health and safety plan 

Backfrll matenals from the exisbng trench will be removed along with the other 
excavated matenals for consolidatton under the final engineered cover 

If COC concentrahons in the excavated matenal (1 e , outside the final engineered 
cover) are above the PRGs, then excavahon will conhnue unhl the soil concentrabons 
are less than the vadose zone PRGs Contaminated soils will be contamed and 
removed from the excavahon area and disposihoned as contaminated media for 
consolidahon beneath the final engineered cover 

Removal of each utdity from the excavated area wdl require that appropnate methods 
be used for the specific condihons The type of matenal will dictate whch 
dismantling method(s) are used Removal of exishng utdibes that require relocabon 
would accomplish the following 
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No residual contaminants, 
Require no provisions in cover design, and 
Provide complete clean-site remediabon of ublibes matenals 

IV-74 



START 

. 
MCAVATE 
WsmG ABANDON 
U N I T Y  IN 

1 

I No 

NO 

INITIATE 9 IS THE UTILITY 

unuw 

t 

unuw 5fo TIE-IN POINT) 

m LocAnoN 

. 
INSTALL 

NEW 
XAVE ABANDONED 

UTILITY 

(NO ACTION) 
IN PUCE t 

I, 

ACCESS 
EXISTING 

UTILITY AT 
TIE-IN POINTS* 

t 
VERlFY TIE-IN NEW 
UTILITY UWTY To 

LOCAllW msnw 
t I 

A 

* UTILITY TERMINATION, POINT OF 
DISCHARGE OR OU4 BOUNDARY 
INTERSECTION 

I PREPARED FOR 
U S  DEPARTMENT OF ENERGY 

ROCKY FLATS ENWROWKNTAL 
TECHNOLOGY SITE 

GOLDEN COLORADO 

I 
I 

IV-75 



The followmg is a list of the construcbon matenal of the specific utMes and the 
appropnate dismantling procedure for each 

Cement Asbest os Pi= 

Cement asbestos pipe (CAP) is best removed in secuons by dismantlmg at the bell and 
spigot jomts Where tlus type of dismantling is not pract~cal, wet-saw cuttmg would be the best 
approach Saw-cutttng CAP wdl require that asbestos abatement procedures be used to contam 
the awborne matenals resultmg from removal of the CAP from the trench Workers wdl also 
have to follow the appropnate health and safety procedures for asbestos abatement 

Vitrified Clav Piw 

As with CAP, vitrified clay pipe (VCP) is best removed in complete secbons by 
dismantlmg at the bell and spigot joints However, in some cases, this may prove impractxal 
One example would be if the excavated VCP is damaged In this case, the pieces will be 
removed Large pieces can be broken into manageable sizes for contsunenzabon or transport 
The weight of VCP may requlre that ngging and overhead machinery be used to remove the pipe 
from the trenches 

Cast Iron. Steel. and Stainless Steel Pimng 

Cast iron (CI), steel (STL), and stamless steel (SS) piping could be dismantled by 
sawing or mechanical cuttmg Where access is avadable, pipe cutters can be used on pipe up 
to 4 inches in diameter (nominal) Those pipes that do not permit ample access for a pipe cutter 
or have diameters greater than 4 inches will require saw-cuttmg The cuttmg area will be hned 
with p1ast.x sheetmg to collect the metal fines and prevent any mixing with the surrounding 
excavated matenals 

Polvvinvl Chloride Piw 

Polyvinyl chlonde (PVC) pipe will be saw-cut into manageable lengths as required The 
sawing can be accomplished in the excavations as the piping is exposed Plashc sheetmg will 
be placed in the excavabon to contam the saw cutbngs 

Corrueated Metal Pi= 

Corrugated metal pipe (CMP) will be removed by means of saw-cuttmg However, care 
will be taken to deternune the presence of sediments in the bottom of the CMP An mspecbon 
hole will be cut in the top pnor to the complete cuttmg of each sechon A health and safety 
survey of any sedimentary matenals will be made pnor to exposure of those matenals when the 
pipe is opened Since dismantling at the onginal joints of the CMP could be difficult, the 
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sechons will be cut to manageable lengths for handling and conkunenzahon A tarpaulin w11 
be placed in the excavahon to contam saw cuthngs 0 
IV.3.3.2 Utilities Suitable for Closure In-Place 

In-place closure will leave the piping in the OU4 area intact The only isolahon 
techmque avatlable would be permanent closure of exisbng valves that feed the pipe hnes below 
the cover Exlshng valves will be permanently disabled by removing the handles and weldmg 
the shafts m the closed posihon Access to these valves may also be eliminated by filllng the 
open valve box with grout The final engineered cover may then be installed above the grouted 
valve box or disabled valves and piping 

Capping the piping at the OU4 boundanes would effechvely isolate all of the piping 
withm the OU4 boundary from the rest of the WETS operabons Each pipe closed in-place 
would be excavated at the OU4 boundary and the pomt of terminahon in the OU4 area The 
exposed pipe wdl be cut and a sechon removed to allow for mstallahon of a permanent pipe cap 
The pipe caps wlll be made of the same matenal as the pipe being capped All pipe caps wlll 
be permanently installed for each piping matenal type as follows 

STL and SS - Butt-welded or socket-welded pipe cap fithngs, 

CI - Matenal-transihon to PVC and install a solvent-glued and back-welded PVC 
pipe cap or a fabncated flat-end plate welded in place, 

PVC - Solvent-glued and back-welded pipe cap, 

VCP - Bell and spigot - VCP fithng with end plugs installed and grouted in place or 
transihon to PVC with a solvent-glued and back-welded pipe cap, and 

CMP - Fabncated end-plate welded in place or transihon to fiberglass and installahon 
of fiberglass reinforced plastic (FRP) end cap with catalyzed resin and woven 
fiberglass wrapping 

Grouhng the piping at the OU4 boundanes and the points of terminahon is an altemahve 
method to capping An inert nonshnnkmg Portland cement-based grout would be used Each 
end of the pipe sechon to be grouted would be excavated and exposed A standpipe would be 
installed at each end for filling The grout could then be pumped into the pipe from one of the 
exposed ends unhl flow was seen nsing in the opposite standpipe Grout spill 
controlkontamment should be provided for grout that may have contacted hazardous matenals 
in the piping The standpipes would then be cut to below grade and the excavahons at both ends 
filled with grout to encapsulate the standpipes and provide a barner at each end of the pipe 
Drawing 51045-431 provides a detad for the groutmg design Grouhng underground uhlihes 
is desirable because it would 
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e Completely isolate the utdity and backfilled trenches, 
Provide long-term structural integnty without appreciable degradabon, and 
Prevent any future exposure or tampenng 

n7.3.4 Power Modification Request and Power Usage Survey 

A power modificabon request (PMR) will be required to idenbfy both the electncal 
services which will be disconnected and no longer needed and those services requinng relocabon 
for conhnued service or new service requirements associated with the closurdremedy Pnor to 
processing the PMR, a power usage survey will be conducted This survey wlll be performed 
as a component of the utdity locabon venficabon work plan discussed m Sechon IV 6 2 The 
PMR will include provlsions for electncal requirements associated with post-closure monitonng 
systems Part V presents the conceptual design for the post-closure monitonng system 

IV.3.5 Sludge pi.ocessing 

A design is currently underway to process sludges from the OU4 SEPs and the 788 
clmfier The sludges have been removed from the SEPs and the clmfier and are being stored 
on an intenm basis in 66 tanks on the 750 pad Each of the intenm storage tanks has a nominal 
10,000-gallon capacity There are approximately 660,000 gallons of sludge m the mtenm 
storage tanks Some commingling of sludge has occurred in the storage tanks dunng the transfer 
operabons form the SEPs The objecbve is to remove the SEP sludges from the intenm storage 
tanks and process these wastes to sabsfy the Waste Acceptance Cntena (WAC) as presented in 
IV 2 3 for placement beneath the final engineered cover The sludges will be removed from the 
tanks, processed with a cemenbcious mixture to absorb free moisture, immobilize contaminants 
and destroy pathogens and gas-producing micro-organisms It is assumed that sand will be 

parhculate waste form 
l added as the bullung agent The processed sludge may be mixed with OU4 soils to produce a 

The processed sludge will be staged in closed contamers on the Pad 750 whde tests are 
conducted to confirm compliance with the WAC Upon sabsfying the WAC, the processed 
sludge will be transported to the OU4 SEPs on an as-needed basis for consohdabon beneath the 
final engineered cover 

The sludge from SEPs 207-A and the 207-B Senes SEPs consists of settled solids in a 
liquid phase The settled solids occupy approximately 90 percent of the tank volume Free 
water was decanted off of the settled sludges in the tanks to reduce the volume in storage The 
settled sludges are expected to contam approximately 16 percent solids and have a high viscosity 
The free liquid phase contams some dissolved salts 

The sludge from SEP 207-C has unique charactensbcs due to the nature and source of 
the onginal wastes deposited for evaporabon in SEP 207-C The liquid phase of the sludge is 
a saturated or near-saturated bnne, with sodium and potassium the predominant cabons and 
nitrate, chlonde, and sulfate the predominant anions Significant concentrabons of heavy metals 
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are present The bme layer was strahfied in SEP 207-C, wth lower Total Dissolved Sohds 
(TDS) and specific gravity values near the pond surface, and higher TDS and specific gravity 
values at depth The salinity of the bnne layer was a funchon of precipitahon, evaporahon, and 
temperature The TDS of the bnne layer ranged from 5 8 to 42 9 percent by weight based on 
the data collected from the waste charactenzabon study, the treatabdity study, and a sampling 
effort to charactenze strahficahon of the bnne The specific gravity of the sludge ranged from 
1 042 to 1 378 The stabihzahon treatability study showed that the samples of SEP 207-C bnne 
were saturated at approxlmately 35-40% TDS at room temperature, Beneath the bme layer was 
a precipitated/crystalhzed salt layer Bnne salt concentrahon and temperature influenced the 
hckness of this layer rn SEP 207-C sludge Beneath the salt layer is a solids layer compnsed 
of fine-gmned matenal with up to 15 percent biological organic content 

@ 

The OU4 SEP sludge process shown on Figure IV 3-13 will consist of the following unit 
operabons 

Transfer of the SEP sludges from the intenm storage and sludge feed tanks to 
process equipment 
Storage and feeding of treatment addihves 
Mixing/blending processing of SEP sludges with addihves 
Processed sludge storage and teshng 
Processed sludge transfer to OU4 closure area 

The above operahons will be performed with self-conkuned, slad-mounted, pre-piped, 
and pre-wired packaged units Wherever possible, these units will be mobile and will ubhze 
standard "off-the-shelf" equipment In addibon, a number of the equipment modules (tanks, 
agitators, pumps, etc ) constructed earlier for the SEPs 207-A, 207-B Senes, and SEP 207-C 
cement stabihzabon systems will be used where applicable Standard processing equipment will 
be modified, as necessary, to conform to the applicable WETS Health & Safety and 
Environmental Standards 

Contamers for the transport of the processed sludge will be covered to prevent a n  
emissions and loss of matenal dunng their transfer to OU4 Once the contamers have been 
emptred, they will be returned to their respechve unit operabons for reuse 

IV.3.5.1 Sludge Transfer and Feed 

The sludges from the five SEPs and Building 788 Clanfier will be removed from the 
intenm storage tanks by one Sludge Transfer Unit (STU) and fed to the treatment process by one 
Sludge Feed Unit (SFU) 

There are several methods avadable for removing the sludges from the storage tanks 
(e g , sem-portable vacuum system, vacuum truck, submersible slurry pumping, etc ) The 
STU descnbed below is based on a semi-portable vacuum system because it offers the following 
advantages 
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It can be located closer to the storage tanks than a vacuum truck, 
It can be emphed and cleaned between batches more easdy than a vacuum truck, 
It provides a grater sucbon head than a vacuum truck, 
It can remove the contents of the tanks more thoroughly than a 
submersible slurry pump 

The STU consists of a sludge vacuum transfer system (VTS-l), a sludge transfer Pump 
(P-1) and a sludge transfer flow system (FS-1) The Sludge Vacuum Transfer System mcludes 
a vacuum pump and cone-bottom discharge hopper The vacuum pump will be used to transfer 
the pond sludges from the intenm storage tanks into the discharge hopper The sucbon end of 
the vacuum hose wdl be introduced through the manways at the top of the tanks and extended 
into the sludge The posibon of the hose end will be carefully controlled manually to prevent 
aspmbon of a r  into the sucbon system Any hquid which decants from the sludge wdl be 
collected and recycled, as necessary, to fluidize the sludge and to nnse the tanks The discharge 
hopper wdl be fully enclosed and will include a venbng system equipped with a HEPA filter to 
treat the pressunzed an discharge from the vacuum system 

The sludge collected in the discharge hopper wdl be transferred to the SFU by a vanable 
speed, posibve displacement, progressive-cavity pump (P-1) and slurry transfer line The 
transfer line will consist of a high pressure rubber hose system with quick-disconnect fithngs to 
facilitate installabon and removal 

The SFU consists of a sludge feed tank (T-1), a mixer (M-1), a process water storage 
tank (T-2), a sludge feed pump (P-2), a process water pump (P-3), and a sludge feed flow 
system (FS-2) The sludge feed tank is cone-bottomed and will be used to blend and decant the 
SEP sludge pnor to treatment The sludge will be fed from the sludge feed tank to the treatment 

Free 
water decanted in the Sludge Feed Tank and fresh make-up water, if required, wdl be stored m 
the process water storgage tank and returned to the STU by the centnfugal process water pump 
and flexlble hoses for sludge dilubon and/or tank nnsing 

I process by the vanable-speed progressive-cavity , posibve-displacement sludge feed pump 

Removal of the SEP sludges from the intenm storage tanks with the STU will be a 
manually-controlled operabon at the STU control panel The volume of sludge removed will 
be measured by determining depth of liquid in the discharge hopper Transfer of the pond 
sludges from the discharge hopper to the SFU will also be a manually-controlled operabon at 
the STU control panel The flow of pond sludges transferred to the SFU will be measured and 
indicated by the sludge transfer flow system and controlled by manually adjusbng the vanable 
speed dnve of the sludge transfer pump 

Feed of the SEP sludges to the treatment process by the SFU wdl be a manually- 
controlled operabon at the SFU control panel The flow of sludges fed to the treatment process 
wdl be measured and indicated by the sludge feed flow system and controlled by manually 
adjustmg the vanable speed dnve of the sludge feed pump 
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Grab samples of the removed sludge will be collected at the rate of two samples per 
, intenm storage tank These samples will be field-analyzed for percent moisture content Results 

of these field analyses will be used to adjust the feed rate of sludge, and/or the feed rates of 
I addibve(s), to the process system 

Equipment requued for sludge processing will be promded with secondary contamment 
Secondary contatnment will not, however, be required for sludge addibves or the resulting 
processed sludge Sludge feed tanks will be empbed pnor to weekends, hohdays or extended 
downbme 

The sludge collected in the discharge hopper of the STU will be transferred to the sludge 
feed tank of the SFU by a progressive-cavity discharge pump and slurry transfer line, as 
descnbed earlier 

IV.3.5.2 Process Additives Storage and Feed 

The process addibves will be stored and fed by two addibve storage and feed units 
(ASFUs) Each ASFU will consist of a storage silo (T-3 for bullang agent, T-4 for pozzolanic 
agent) and an addibve feed system (ASF-1 for bullung agent, ASF-2 for pozzolanic agent) 
Addibves will be used to blend with the SEP sludges and produce a fnable mx Although 
treatability study tesbng will be required to confirm the nature and quanbty of the addibves to 
be used, it is likely that a dry bullung agent such as sand will be added as well as a mixture of 
Portland cement and hme A bullung agent will be added in sufficient quantity to impart a 
fnable texture to the processed sludge It is assumed that sand will be added as the bullang 
agent in a sand-to-sludge rabo of 2 5 1 by volume This assumphon will be finahzed dunng the 
detatled btle design process Lime will be added to the sludge to mse the pH to levels sufficient 
to la11 pathogens and gas-producing microorganisms associated with the SEP sludges An added 
benefit of lime addibon is the addihonal absorpbon of moisture The amount of hme required 
for both pathogen/micro-organism destruction and for moisture control will be determined dunng 
the treatability study Lime will be added to the sludge in quanbbes sufficient to achieve a pH 
of approximately 12 in the processed sludge, and control the moisture content of the waste It 
is assumed that Portland Type I1 cement and hydrated lime [Ca(OH)J will be used, at a rate of 
about 0 5 tons of cement/lime mix per wet ton of SEPs 207-A and 207-B sludge, and at the rate 
of about 260 pounds of cement/lime mix per dry ton of Pond 207-C sludge These assumpbons 
will be validated dunng treatability studies that will be performed as a component of the detatled 
Title design process 

Addibves such as drying agents (e g , calcium chlonde), silica gel, pozzolanic agents, 
(e g , fly ash), and/or bullung agents, (e g , bentonite), may be required, depending the on 
results of treatability tesbng The process addibves will be delivered to the treatment site by 
bulk hopper truck and stored in the storage silos The transfer from the hopper truck to the 
storage silo will be performed by a standard commercial pneumabc transport and delivery system 
wtuch is part of the bulk hopper truck unloading system The storage silos will be equipped 
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with a passive venbng and dust collecbon system which will control any emissions dunng 
delivery or operabons 

The addibves wll be fed to the treatment process by the additwe feed systems Each 
addibve feed system will consist of a rotary valve feeder, a weigh-belt conveyor, and a screw 
conveyor The addibve will be discharged onto the weigh-belt conveyor by the rotary valve 
feeder and the weigh-belt feeder will measure and control the delivery rate of the rotary valve 
feeder The controlled amount of addibve will then be delivered to the feed point of the 
treatment process by the screw conveyor 

Transfer of the treatment addibves from the bulk delivery truck to the storage sdo wdl 
be a manually-controlled operahon The truck-mounted transfer au blower wdl be operated by 
the truck dnver 

The amount of addibve in the storage silo will be measured and indicated by level-sensmg 
devices High- and low-level condibons inside the storage silo will be alarmed 

Operabon of the addibve feed systems will be a manually-inibated and semi- 
automatmlly-controlled operation The rotary valve feeder, weigh-belt conveyor, and screw 
conveyor wdl be manually controlled at the ASFUs control panels The addibve feed rate will 

the operabonal speed of the rotary valve feeder and screw conveyor 
I be automabcally controlled to a manually-set rate by the weigh-belt conveyor whch will regulate 

IV.3.5.3 Mixing/Blending h.ocess 

The mixing/blending treatment of pond sludges with addibves is performed in one Mixing 
Treatment Unit (MTU) The MTU consists of a mixing/blending system (MBS-l), a treated 
waste contamer jockey system (JS-l), and a mixing/blending dust collector system (DCS-1) 
The process consists of mixing/blending the pond sludges with the process addibves (sand and 
cement/hme mix) as necessary to produce a processed sludge that sabsfies the WAC 

The mix/blending system includes a pre-mixer, a twin-shaft pug-mill, and a covered belt- 
type conveyor with shrouded discharge chute The SEP sludge is first blended in the pre-mixer 
with the pozzolanic agent mix to maximize cement and lime hydrabon The combined SEP 
sludge and pozzolanic agent mix is then blended with the bullang agent in the pub mill The 
processed sludge is transferred from the pug mill to a roll-off-type contamer by the belt 
conveyor and discharge chute 

The bullang agent adsorbs a portion of the free moisture contamed in the SEP sludge and 
increases its cohesiveness The cementllime mixture binds the SEP sludge parbcles and absorbs 
any residual free moisture in addibon to serving as a biocide The character of the processed 
sludge is presumed to be similar to a fnable soil It will have no free hquid (eshmated 
maximum moisture content of 20 percent by weight) and should be highly resistant to dust 
generabon dunng handling (eshmated minimum moisture content of 15 percent by weight) 
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The treated waste contamer jockey system slowly moves the treated waste contamer along 
a short length of track with a winch and pulley system to evenly distnbute the processed sludge 
in the treated waste contatner 

@ 

Dust generated by the operahon of the mixing/blending system will be collected by the 
mixing/blending dust collector system This system consists of a baghouse-type dust collector, 
an exhaust blower, and an exhaust HEPA filter Dust emissions are transported through the 
baghouse-type collector by the exhaust blower The baghouse-type collector removes the 
majonty of the dust contatned m the exhaust surstream and any resldual dust is removed from 
the discharge of the exhaust blower by the HEPA filter Excess dust accumulated in the 
baghouse collector is penodically removed for re-processing through the MTU 

The treatment of the SEP sludges by mixing/blending with addihves will be manually- 
controlled operahon Operahonal control of the mlxinglblending system equipment will be 
conducted manually at the MTU control panel The rate of produchon of processed sludge will 
be controlled by the operabonal speeds of the pug mill and belt conveyor, and by the feed rates 
of the sludges and treatment addihves These processing rates will be based on the free water 
content of the sludge and on the treatment parameters developed from the treatabdity test results 
The operahonal speeds of the pug-mill and belt conveyor will be manually adjusted by the 
vmable-speed control located on the MTU control panel 

IV.3.5.4 Processed Sludge Storage and Testing 

The processed sludge will be stored and tested in eight treated waste storage and transport 
units (TSTUs) The processed sludge will be discharged from the mixing/blending system belt 
conveyor directly into one of the TSTUs Each TSTU consists of a roll-off-type contamer 
equipped with a removable top cover, an enddump gate, and bottom wheels for movement on 
the tracks of the MTU’s treated waste contamer jockey system When filled, the top cover is 
placed on the TSTU and it is moved away from the loading point to permit introduchon of an 
empty TSTU The full TSTUs will be moved to an area of the Pad 750, or other suitable 
locahon, to be staged/stored for cunng purposes Staging of processed sludge will also provide 
a surge or buffer capacity between the operabng requirements and schedule of the process 
system and those of SEP closure contractor It IS anbcipated that eighf TSTUs of processed 
sludge will be constantly staged representmg about two days producbon from the MTU 

0 

Routme teshng of the staged processed sludge will be performed as previously discussed 
In the unllkely event that the contents of a TSTU does not sahsfy the WAC, re-treatment wdl 
be required Non-attamment of the WAC may result from physical/chemical changes in the SEP 
sludges 

In the event that the contents of a TSTU fads to meet the WAC, the off-specificahon 
treated waste will be removed from the TSTU and returned to the MTU’s mixing/blending 
system by a treated waste recycle unit (’TWRU) featunng a portable vacuum system similar to 
that used as part of the STU for removal of the SEP sludges from the intenm storage tank In 
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the MTU's mixing/blending system, the off-specificabon treated waste will be mixed with extra 
bullang agent and/or pozzolanic agent mix to meet the WAC ' 

The transfer, storage, and tesbng of treated waste in the TSTUs will be a manually- 
controlled operabon Operabond control of the processed sludge transfer and storage wll be 
performed by regulabng the traffic of TSTU tractor trucks between the MTU, the processed 
sludge staging/storage area, and the SEP closure area 

Samples of the processed sludge will be collected from the TSTUs at the staging/stomge 
area after complebon of the cunng penod The processed sludge samples will be field-tested 
for compliance with the WAC In partxular, these field tests wdl venfy that the treated waste 
samples pass the Pant Filter Liquids Test (SW 9095) and that the pH of the processed sludge 
is at least equal to the value determined from the treatability study as necessary for the 
destrucbon of pathogens and gas-producing microorganisms 

IV.3.5.5 Processed Sludge Transfer to OU4 

The processed sludge will be transferred to the OU4 closure area in the same TSTUs as 
used for staging and storage Once the processed sludge has been removed from the TSTUs at 
the SEP closure area, the empty TSTUs will be returned to the MTU to receive addibonal 
processed sludge 

Transportabon of the processed sludge to the OU4 SEP closure area wlll be controlled 
by regulattng the traffic of TSTU tractor trucks between the processed sludge staging/storage 
area and the SEP closure area 

IV.3.6 Pondcrete Processing 

A design is also underway to develop a process to treat pondcrete from the OU4 SEPs 
The pondcrete is being stored in approximately 8,200 tnwall contamers and in 20 to 30 half- 
crates and drums Each tnwall has a nominal volume and weight of about 14 cubic feet and 
1,300 pounds, respectwely Approximately 2,600 of the tnwalls have been overpacked in metal 
contamers at two or three tnwalls per contamer The pondcrete is currently in intenm storage 
in Tents 8 through 11,  located on Pad 904 The objecbve of the current inittatwe is to remove 
the pondcrete from Pad 904 and process these wastes to sabsfy the WAC as presented m IV 2 3 
for placement beneath the final engineered cover 

This pondcrete will be removed from storage, size-reduced to 0 5-inch or smaller, treated 
with a mixture of lime and cement to adsorb any free moisture and destroy any pathogens or 
gas-producing micro-organisms, and mixed with a bullang agent such as sand or other addibve 
to produce a fnable treated waste The pondcrete size reducbon and treatment system will 
shown on Figure IV 3-14 consist of the following unit operattons 

Transfer of the pondcrete from intenm storage to size reducbon and processing 
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Storage and feedmg of process addihves 
pondcrete size reducbon and mixing/blending with treatment addibves 
Processed pondcrete storage and teshng 
Processed pondcrete transfer to OU4 
Equipment decontaminahon and decommissioning 

IV.3.6.1 Transfer of pondcrete 

The pondcrete tnwalls not already in metal contamers will be placed into new re-usable 
metal contamers As required, a drying agent will also be added in each metal contamer to 
adsorb any free hquid which may be released from the tnwalls As a part of this operahon, 
storage of the existmg and new pondcrete metal contamers and pondcrete half-crates wdl be 
consolidated inside Tents 8, 9 and 10 

The new and exishng pondcrete metal contamers and pondcrete half-crates wdl be 
transferred by fork-lift trucks from temporary storage in Tents 8, 9, or 10 to the size reduchon 
and treatment unit located in Tent 11 It is expected that approximately three metal contamers 
per hour will be transferred to the pondcrete size reduchon and treatment system At the size 
reducbon and treatment unit, the metal contamers or half-crates will be deposited onto a liftmg 
mechanism (LM-1) located at the foot of the pnmary size reduchon and mwng urut This 
mechanism will hft the metal contzuner or half-crate and unload either the contamer’s contents 
or the enhre half-crate into the feed hopper of the pnmary size reduchon and mixing unit (SRM- 
1) The empty metal contamer will then be returned to the temporary storage area (Tents 8, 9 
and 10) Grab samples of the pondcrete waste will be collected penodically and visually 
evaluated for cohesiveness and field-analyzed for percent moisture content 

IV.3.6.2 Storage and Feeding of Treatment Additives 

The treatment addihves will be stored and fed by two additme storage and feed units 
(ASFUs) Each ASFU will consist of a storage silo (T-1 for bullung agent, T-2 for pozzolanic 
agent) and an additwe feed unit (ASF-1 for bullung agent, ASF-2 for pozzolanic agent) 
Additwes will be blended with the pondcrete as part of the size-reduchon process to produce a 
fnable mix Although treatability study teshng will be required to confirm the nature and 
quanhty of the addihves to be used, it is likely that a dry bullang agent such as sand wdl be 
added as well as a mixture of Portland cement and lime Bullang agent will be added in 
sufficient quanhty to adsorb free moisture and impart a fnable texture to the treated waste It 
is assumed that sand will (be added at the rate of about 0 74 tons of sand per wet ton of 
pondcrete The cement and lime mixture will be added in quantrhes sufficient to complete the 
adsorphon of free moisture and achieve a pH of approximately 12 in the treated waste to destroy 
any pathogens and gas-producing micro-organisms that may be present It is assumed that a 
mlxture of Portland Types I and I1 cement and hydrated lime [Ca(OH)J will be added at the rate 
of about 0 6 tons of cement/lime mixture per wet ton of pondcrete 
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Other addihves such as drying agents (e g , calcium chlonde), sihca gel pozzolmc 
agents, (e g , fly ash), and/or bullung agents, (e g , bentonite), may also be requued, based on 
results of treatabihty teshng The treatment addihves will be dehvered to the treatment site by 
bulk hopper truck and stored in the storage silos The transfer from the hopper truck to the 
storage silo will be performed by a standard commercial pneumahc transport and dehvery system 
which is part of the bulk hopper truck unloading system The storage sdos will be equipped 
with a passive venhng and dust collechon system to control any emissions dunng dehvery or 
operahons 

The addihves will be fed to the size reduchon and treatment process by the addihve feed 
systems Each addihve feed system will consist of a rotary valve feeder, a weigh-belt conveyor, 
and a screw conveyor The addihve will be discharged onto the weigh-belt conveyor by the 
rotary valve feeder and the weigh-belt feeder will measure and control the dehvery rate of the 
rotary valve feeder A controlled amount of addihve will then be delivered to the pnmary size 
reduchon and mrxing system by the screw conveyor 

The amount of addihve in a storage silo will be measured and indicated by level-sensing 
devices High and low-level condihons inside the storage silo wlll be alarmed 

The addihve storage and feed systems will be a manually-inihated and semi- 
automatully-controlled operahon The rotary valve feeder, weigh-belt conveyor, and screw 
conveyor will be manually controlled at the system’s control panel The addihve feed rate will 
be automahcally controlled to a manually-set rate by the weigh-belt conveyor whch will regulate 
the operahonal speed of the rotary valve feeder and screw conveyor The quanhty of treatment 
addihve dehvered to the pnmary size reduchon and mixing system will be controlled by 
adjustmg the operahng hme of each addihve feed system 

IV.3.6.3 Pondcrete Slze Reduction and Treatment 

The size reduchon of the pondcrete and the treatment of the size-reduced waste by nuxing 
with addihves will be performed in three stages by a size reduchon and treatment unit (SRTU) 
The SRTU will consist of one pnmary size reduchon and mixing system (SRM-l), one 
secondary size reduchon and mixing system (SRM-2), one tertiary size reduchon and mixing 
system (SRM-3), three @nmary, secondary, tertiary) screw conveyors (SC-1 through SC-3), one 
treated waste contamer jockey system (JS-1), and one dust collector system (DCS-1) 

The treatment process will consist of progressively reducing the partxle size of the 
pondcrete and trash (plashc wrap and pallets), first to minus 6-inch, then minus 1-inch, and 
finally to minus 0 5-inch, and of mixing the size-reduced pondcrete and trash with the treatment 
addibves (sand and cementhme mix) It is assumed that all of the treatment addihves will be 
fed into the pnmary size reduchon and mixing process to insure ophmum blending of the waste 
with the addihves and to take maximum advantage of the drying charactenstics of these 
addihves Provision will be made in the design of the system to allow mulhple addihve feed 
points at the secondary and tertiary size reduchon and mixing stages 
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The pnmary size reducbon and mixing unit will be a screw-auger type shredder equipped 
with a hydraulically-operated bottom trap-door to retam the matenals being shredded and 
blended within range of the screw-augers and insure opbmal size reducbon and blending Srze 
reduchon is achieved pnmanly by the "scissonng" cuthng acbon of the helixes of the screw- 
augers beanng agamst each other The screw-augers also crush the matenal between them and 
agamst ngid baffles located on the wall of the feed hopper The acbon of the rotabng screw- 
augers also provides for mixing of the size-reduced pondcrete with the treatment addibves In 
the pnmary size reducbon and mixing system the contents of one pondcrete metal contamer, 
mcluding plasbc wrappmg and wooden pallets, or of one pondcrete half-crate, w ~ l l  be reduced 
in size to 6-inch or less and blended with a measured amount of treatment addibves as 
detemed from treatability testmg and adjusted in response to field observabons 

Once the pnmary size reducbon and mixing operabon is complete, as venfied by visual 
observabon, the bottom trap-door of the pnmary size reducbon and mixing system will be 
opened and the shredded and the size-reduced and blended matenals will be released into the 
pnmary screw conveyor which will transfer it to the secondary size reduchon and mixing 
system 

The secondary size reducbon and mixing system will be a nng-and-pick type shredder 
with counter-rotabng shafts Size reducbon will be achieved by the picks of one shaft grabbing 
the matenal to be shredded and sheanng it agamst the nngs of the adjacent shaft or stabonary 
plates mounted on the side of the shredder The counter-rotabng acbon of the shredding shafts 
also achieves a reasonable degree of blending In the secondary size reducbon and mixing 
system the size of pondcrete discharged from the pnmary size reduchon and mixing system will 
be reduced to 1-inch or less and the waste will be blended with the process addibves The 
discharge of the secondary size reducbon and mixing system will be collected into the secondary 
screw conveyor which will transfer it to the ternary size reducbon and mixing system 

The tert~ary size reducbon and mixing system wlll also be a nng-and-pick type shredder 
It will be idenbcal to the secondary size reducbon and mixlng system, except that it will be 
designed to reduce the size of the pondcrete waste to 0 5-inch or less 

Throughout the three stages of the SRTU, the process of mixing the pondcrete with the 
treatment addibves will be one of homogenization and blending, as opposed to high-intensity 
mixing The bullung agent will adsorb free moisture and impart fnability to the treated waste 
The pozzolanic agent mix will bind the pondcrete pmcles and absorb residual free moisture in 
addibon to serving as a biocide The character of the treated waste is presumed to be similar 
to a fnable soil It will have no free moisture (esbmated maximum moisture content of 20 
percent by weight) and should be dust free (esbmated minimum moisture content of 10 percent 
by weig h t) 

The discharge of the ternary size reducbon and mixing system will be collected into the 
ternary screw conveyor which will transfer it to the treated waste contamer jockey system 
The treated waste contamer jockey system will slowly move the treated waste transport contamer 
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along a short length of tracks wth a winch and pulley system to evenly distnbute the treated @ pondcrete inside the contamer 

Each size reducbon and mixing system will be enclosed and vented to a dust collector 
system This system will consist of a baghouse-type collector, an exhaust blower, and an 
exhaust HEPA filter Dust emissions will be aspirated from the size reducbon and muung 
systems and forced through the baghouse collector by the exhaust blower The baghouse 
collector will remove the majonty of the dust and any residual dust wll be removed from the 
discharge of the exhaust blower by the HEPA filter Excess dust accumulated in the baghouse 
collector will be penodically removed for re-processing through the slze reducbon and treatment 
process 

The effecbveness of the pondcrete waste size-reducbon and treatment process will be 
visually checked at all three stages In pmcular, frequent observabons will be made of the 
contents of the pnmary size reducbon and mixing system to determine when proper size 
reducbon and mixing has been achieved so that a batch may be released for processmg through 
the secondary and tert~ary size reducbon and mixing stages 

IV.3.6.4. Processed Waste Storage and Testing 

The processed pondcrete will be stored, tested, and, if necessary, recycled in a treated 
The TSTU will consist of six storage and transport waste staging and tesbng unit (TSTU) 

contamers (STC-1 through 6) and one vacuum transfer system (VTS-1) 

The processed pondcrete will be discharged from the ternary screw conveyor directly into 
one of the storage and transport contamers Each contamer will be the roll-off type equipped 
with a removable top cover, an end-dump gate, and bottom wheels for movement on the tracks 
of the treated waste contamer jockey system When filled, the top cover will be placed on the 
storage and transport contamer and it will be moved away from the loading point to permit 
introducbon of an empty contamer The full storage and transport contamer will be moved to 
an area of the Pad 904 to be staged/stored for cunng purposes The staging of processed 
pondcrete will also provide a surge or buffer capacity between the operabng requirements and 
schedule of the treatment system and those of the closure area contractor Typically, six storage 
and transport contamers wlll be staged representing about two days produchon of processed 
pondcrete 

The testrng of processed pondcrete will be performed by collecbng grab samples from 
the storage and transport contamers after complebon of the cunng penod The processed 
pondcrete samples will be field-tested for compliance with the WAC In parhcular, these field 
tests will venfy that the processed pondcrete samples pass the pant filter liquid test (SW 9095) 
and that the pH of the processed pondcrete is at least equal to the value determined from the 
treatability study as necessary for the destrucbon of pathogens and gas-producing micro- 
organisms 
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In the event that the contents of a storage and transport contamer fads to meet the WAC, 
the off-specificahon processed pondcrete will be aspirated from the contamer and returned to the 
pnmary sue reduchon and mixing system by the portable vacuum transfer system Thls system 
will feature a vacuum pump, a cone-bottom discharge hopper equipped with a vanable-speed 
rotary valve feeder, and a vanable-speed screw conveyor The discharge hopper will be fully 
enclosed and will include a ventmg system equipped with a HEPA filter to remove dust from 
the pressurized iLlr discharge of the vacuum transfer system In the pnmary size reduchon and 
mixing system, the off-specificahon processed pondcrete wlll be blended with extra bullang 
agent and/or pozzolanic agent mix to produce a processed pondcrete that meets the WAC 

IV.3.6.5 Processed Pondcrete Transfer to OU4 

‘ a  

The processed pondcrete will be transferred to the OU4 area in the same storage and 
transport contamers used for staging and storage Once the processed pondcrete has been 
removed from the storage and transport contamers at the OU4 area, the empty contamers will 
be returned to the SRTU 
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IV.4 WASTEMANAGEMENT 

The implementahon of the OU4 I M A M  will follow the DOE mandate to minimize the 
generahon of new wastes Waste generahon will be minimized by the consolidaaon of soil and 
debns beneath the final engineered cover The CAMU concept provided in 6 CCR 1007-3 
264 552 and 264 553, provides the regulatory framework by which waste generahon will be 
mimlzed Figure IV 4-1 presents a waste management flow diagram that specifies the wastes 
that will be generated and those wastes that will not be consohdated beneath the final engineered 
cover The pnmary wastes that will requlre addihonal handhg or treatment for disposal 
mclude 

Cement asbestos pipe, 

Personal protechve equipment, 

Vegetahon (potenhal), and 
Decontaminahon wastes 

Removed uhlity electrical equipment and wire, 

Building 788 matenal and ancillary equipment, 

Vegetahon may require offsite disposal if it would significantly degrade the performance of the 
final engmeered cover Figure IV 4-1 also idenbfies potenhal methods for managmg the 
generated wastes Offsite disposal will be minimized The following subsechons descnbe how 
each waste stream will be disposihoned 

IV.4.1 Excavated Soil 

Sod will be generated from the areas within OU4 that are being remediated as part of the 
OU4 IM/IRA and from the removal/relocahon of b u n d  utdihes Sechon IV 3 1 presents the 
plan for the disposihon of soils that are being remediated Soils will be disposihoned based on 
the locahon of the excavahon and the type and level of contaminahon The volume of sods 
generated will depend on the determined PRGs, which can potenhally be modified pnor to 
implementahon of the IM/IRA, and the actual results of post-excavahon sampling 

Soils excavated from within the area of the final engineered cover will be consolidated 
beneath the final engineered cover Contaminated soils excavated in OU4 and IHSS 176 will 
be consolidated beneath the final engineered cover and clean soil will be used as backfill within 
the excavahon Soils excavated in OU4 that do not require remediahon, based on the OU4 
RFI/RI results, will be returned to the excavahon as backfill Uncontaminated excess soil that 
cannot be used as backfill in the uhlity excavabon will be used as backfill to create the reclamed 
areas surrounding the SEPs 
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Contammated sods generated dunng potenhal uthhes removal (OU9 OPWLs adjacent 
to OU4) will be consohdated under the OU4 final engineered cover, if possible, or returned to 
the onginal excavahon site Returning excavated sod to its source locahon wdl reduce the 
amount of clean bacMill that is brought onsite and rmxed with potenbally contaminated soils that 
may require future remediahon Excess soils may remam that cannot be returned to the source 
excavahon 
depend on histoncal process knowledge indicatmg that the contaminants are the same as those 
in OU4, or waste charactenzahon results indicahng that the contaminants within the excess soil 
are at concentrahons that would be protechve of human health and the environment if they were 
consohdated beneath the final engineered cover Sechon IV 10 4 provides a methodology for 
malang the deternunabon that contaminated soils consohdated beneath the final engineered cover 
wdl be protechve of human health and the environment 

@ 

I Disposibon of these excess soils beneath the OU4 final engineered cover would 
I 

Inveshgabon-denved matenal (IDM) from the OU4 Phase I and Phase 11 RFURI 
programs will be consolidated beneath the final engmeered cover The empty 30-gallon drums 
wdl be returned to the waste management program for potenhal re-use 

IV.4.2 Debris 

Debns will be generated dunng implementahon of the OU4 IM/IRA The debns 
matenals will include 

. Ublibes piping, . Electncal cable/switchgear, . Grout spillage, 
Concrete foundahons/foohngs, and . Equipment associated with RCRA Units 21, 48, and 24 

Figure IV 4-2 presents a dekuled flow diagram for the disposihon of the vmous types 
of matenals that were used for uhlihes piping It should be noted that the wooden uhlity poles 
will be chipped and disposed of in a thin layer within the consohdated matenals 

Cement-asbestos matenal was used at the WETS for piping wastewater This matenal 
will not be consolidated beneath the final engineered cover Excavated cement-asbestos pipe will 
be packaged and disposed of in accordance with asbestos disposal regulations 

Electncal cable and switchgear will be packaged in standard waste crates for onsite 
storage, recycling, or disposal If this matenal is contaminated, then it may require disposal at 
an offsite low-level radioachve or mixed-waste disposal facility 

Concrete debns from the vicinity of the SEPs will be crushed and consolidated beneath 
the final engineered cover Any grout spilled dunng uhhty abandonment will also be crushed 
and consolidated beneath the final engineered cover 
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Equipment associated wfh Budding 788 that cannot be decontarmnated may be crushed, 
flattened, or shredded and spread in a thin layer above the consohdated hers, provided that the 
matenal will not cause differenhal settlement of the final engineered cover 

Based on previously conducted radiological surveys, Building 964 is assumed to be clean 
Therefore, no an quality modehg was developed for Building 964 and no impact to an quahty 
from the demohhon of Budding 964 is expected 

All items either removed from Building 964 or rubble from the demolibon of the budding 
will be monitored pnor to the removal of the matenal from the protected area The appropnate 
surveys and release approvals wdl be obtamed as descnbed in the WETS Radiological Control 
procedures and the WETS Transportahon Manual 

IV.4.3 Budding and Ancillary Equipment Debris 

The following paragraphs address the closure of Buildings 788 and 964 

IV.4.3.1 Building 788 Debris and Waste Material 

The followng discussion descnbes the strategy by which matenals generated dunng the 
demolihon of Building 788, (RCRA Units 21 and 48) will be segregated and disposihoned A 
contarmnahon assessment will be performed to determine if the debndwaste matenal from the 
removal/closure of Budding 788 contams hazardous conshtuents pursuant to 40 CFR 262 11 
Subpart C and to detemne whether radiological contaminahon exists A project specific 
Sampling and Analysis Plan (SAP) will be developed and samples of the debndwaste matenal 
contaminahon will be obtaned, if necessary, to confirm the appropnate waste management 
methodology 

The debndwaste matenal from Building 788 is assumed to be contaminated with simlar 
conshtuents found in OU4 (1 e , contaminated from the same sources), therefore, the placement 
of the debns in the C A W  (if decontaminahon is not prachcable) should not contnbute to a 
significant increase in the nsk associated with the overall closure of OU4 Results from the 
sample and analyses implementahon will be used to confirm this assumphon All residual 
sludges/process waste will be removed, to the extent prachcable, pnor to disposihoning the 
debns beneath the final engineered cover in the OU4 CAMU If necessary, debns will be size 
reduced to ophmize compaction, and integnty of the final engineered cover 

IV.4.3.2 Bulldmg 964 Debris and Waste Matenal 

The following discussion descnbes the strategy by which matenals generated dunng the 
demohhon of Budding 964 (RCRA Unit 24) will be segregated and disposihoned A 
contaminahon assessment will be performed to determine if the debns, rubble and waste matenal 
from the demolition of Building 964 contams hazardous constituents pursuant to 40 CFR 262 11, 
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Subpart C and to detemune whether radiological contammahon exists A project specific 
Samplmg and Analysis Plan (SAP) wdl be developed Chemical and radiological samples and 
surveys of the debndwaste matenal contaminahon will be obmned to confirm the appropnate 
waste management methodology 

* 
Based on a previously conducted screening, Building 964 is assumed clean from a 

radiological perspechve and does not have a history of contarmnahon concerns resultmg from 
hazardous waste spdls Building 964 is a permitted RCRA facility and does not q d f y  for 
intenm status 

The debns and waste matenal that wlll be generated from the removal of Bulldmg 964 
is assumed (as a result of prewous contaminahon surveys) to be free of contarmnants and wdl 
most hkely be disposed in the RFETS landfrll All items either removed from Building 964 or 
rubble from the demohhon of the building will be monitored pnor to the removal of the matenal 
from the protected area The appropnate surveys and release approvals will be obtamed as 
descnbed in the RFETS Radiological Control procedures and the WETS Transportahon Manual 
Any contammated wll matenals will be disposiboned beneath the final engmeered cover (if 
decontarmnahon is not prachcable) The disposihon of the debns and waste matenal beneath 
the final engineered cover m the OU4 CAMU should not contnbute to a sigmficant increase in 
the nsk associated with the overall closure of OU4 The results from the Sample and Analyses 
Plan will be used to confirm this assumphon All residual sludgedprocess waste wdl be 
removed, to the extent prachcable, pnor to disposihoning the debns beneath the final engineered 
cover If necessary, debns will be size reduced to ophmize compachon, and the integnty of the 
final engineered cover 

IV.4.3.3 Waste to be Generated 

Waste generated dunng the removalklosure of Buildings 788 and 964 and their 
ancillmes is idenhfied as process and debndwaste matenal Waste that could be generated must 
be properly charactenzed and segregated into like categones for efficiency of handhng and ease 
of traclang A waste traclang system be developed so that the waste can be tracked for logishcal 
and regulatory compliance purposes These remediatton wastes are presented in the Waste 
Management Flow Diagrams (Figures IV 4-3, IV 4-4, and IV 4-5) The Demolihon Waste 
Segregabon Decision Flowcharts (Figures IV 4-6 and IV 4-7), will ensure appropnate waste 
segregahon and cost effecttve samphg and analysis for waste disposibon determinatton 

IV.4.3.3.1 Management of Process Wastes 

The idenhfied process wastes from RCRA Unit 48 include 

Sediments and sludges from process equipment, 
Personal protectwe equipment (PPE), 
Decontammahon fluids and other liquids, and 
Miscellaneous waste streams 
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All samphg and analysis wdl be performed pnor to and dunng demohhon Append= 
IV D provides a samphg and analysis strategy for the matenal that wdl be removed Upon 
receivmg the analyt~cal results, items will be marked or tagged such that the demolihon sub- 
contractor knows how to segregate the demolibon matenals The management descnphon for 
each process waste stream is presented below 

' * 
Sediments. L iauids. a nd Sludges From Process Euu iDment 

The residues removed from the process equipment are expected to be m either pumpable 
or non-pumpable forms Pumpable sediments and sludges will be mechanically transferred to 
liquid-hght contamers for transport to @e temporary sludge storage tanks for subsequent 
processing with the pond sludges If adequate capacity in the tanks is not avalable, the hquid- 
hght contamers will be temporanly stored unhl capacity becomes avalable 

Non-pumpable sediments and sludges will be manually transferred to drums Absorbent 
matenals wdl be added to the drums to minimize any free hquids The drums will be 
transferred to Pad 750 for storage If adequate storage capacity is not avadable, the drums wll 
be stored temporanly w i t h  the OU4 CAMU on the Building 788 foundahon pad or on a 
temporary pad m SEP 207-C (if necessary) 

Personal Protective EuuiDment 

Waste consishng of contaminated PPE is expected to be generated as a result of the 
closure/remediabon achvihes All PPE will be handled in accordance with the WETS Standard 
Operahng Procedure (SOP) FO 06, "Handling of Personal Protechve Equipment " Launderable 
PPE may be washed onsite and, if necessary, drummed as low-level radioachve waste or low- 
level mixed waste, along with the disposable PPE, however, if the PPE is contaminated wth a 
hazardous waste, then the PPE will be drummed and placed in onsite RCRA storage awahng 
development of treatment technologies or storage capacity 

Miscellaneous Waste Stream 
I 

Currently undefined waste streams may be encountered dunng demolihon All 
debadwaste matenals will be properly designated and packaged pnor to their exit from the 
worlung or controlled area 

IV.4.3.3.2 Debns/Waste Material Management 

The idenbfied debndwaste matenal includes structural steel and siding (Building 788), 
process equipment from RCRA Unit 48, ancillary piping from the building and RCRA Unit 48, 
non-ferrous debns and other debns and waste matenal from Building 964 The waste will be 
managed as feasible to segregate the non-contaminated from the contaminated matenals The 
non-contanunated waste will be packaged for re-use, onsite/offsite recycle, or disposal at a 
sanitary landfill The contaminated waste will be segregated to separate the flat metallic matenal 
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(sidmg and structural steel) from the remaning bulk matenal that will requlre further size 
reduchon and/or flattemng This matenal will be evaluated for potenhal free release and/or 
reuse following decontaminahon After appropnate segregahon, any remsuning flat matenal that 
cannot be decontaminated will be consolidated with the other contaminated matenals under the 
fmal engineered cover, and above the dmnage layer Any rematning bulk matenal that cannot 
be decontammated will be placed into a trench excavated within the consolidated contammated 
sods and grouted to mimrmze void space and to provide subgrade stabihty for the final 
engmeered cover 

a 

Immediate candidates for disposihon under the final engineered cover are the sm-reduced 
pug rmll, Morgan pumper, and clmfier Hazardous waste contaminahon on these pieces of 
equipment is due pnmanly to hardened/sohdified sludge which is not readily removed 

Any storage shelves m Budding 788 wlll be considered for re-use Radiological surveys 
wdl be required to detemne whether the re-use is appropnate in regulated versus non-regulated 
areas of the WETS 

Disposihon of the remming matenals is subject to the results of imhal samphng and 
analysis and visual mspechon Pursuant to the Debns Rule (40 CFR 268 45 - Treatment 
Standards for Hazardous Debns), a "clean debns surface" means the surface, when viewed 
without magnificahon, shall be free of all visible contaminated soil and hazardous waste except 
that residual s w i n g  from soil and waste consishng of light shadows, slight streaks, or minor 
discolorahons, and sod and waste in cracks, crevices, and pits may be present provided that such 
s m i n g  and waste and soils in cracks, crevices, and pits shall be hmited to no more than 5% 
of each square inch of surface area Radiological surveys will also be requrred to determine the 
appropnate disposihon of the matenals 

a 
If the physical configurahon of the matenal involves a large number of "surface 

megulanhes", the queshon of effechveness is msed Since it is difficult to reach and screen 
the "irregulanhes", decontaminahon may not venfiable for free release In cemn cases (1 e , 
sur compressors, pipes) decontaminahon may sahsfy the RCRA requirements but not the free 
release requirements 

N.4.4 Vegetation 

Vegetabon growing within the project arm consists pnmanly of grasses and weeds 
There are no trees or shrubs m these areas The vegetahon will be mxed with the excavated 
soils and disposihoned with the soil matenals The excavahon of these areas wlll be performed 
in the winter when the vegetahon is dormant so that the organic matenal volume will be 
mmimized 

022n22446m9-35-5 WPF 
IV-104 

OW4 Roposcd IMIIRA-EA DCCUMXI D o c ~ ~ ~ c n t  
FcbluuylO 1995 

. . 



IV.4.5 Decontamination Wastes 

Decontaminahon wastewaters generated dunng the decontammahon achvihes that are 
compabble with WETS waste treatment facilibes will be treated onsite Compabble waste 
currently includes hgh and low pH solubons, radioactwe solubons, and inorgmc contaminated 
solubons Decontarmnabon wastewater are expected to contam only trace amounts of orgmcs 
and wlll be treated by the Buddmg 374 wastewater treatment system Sohd decontammabon 
wastes vvlll be drummed and compacted for offsite radioacbve or mixed waste disposal, or stored 
onsite m a RCRA storage area if mixed waste disposal is not yet avadable 
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IV.5 REQUIRED SPECIFICATIONS a 
Th~s sechon idenhfies the construchon specificahons that will be prepared dunng the htle 

design phase of the project A construcbon specificahon will be prepared for each of the 
apphcable major sechon numbers from the Construcbon Specificahon Inshtute’s (CSI) 
specificahon program The Division 1 specificahon provides the general project requirements, 
and Divisions 2- 16 specificahons present demled project requirements per specific apphcable 
discipline Typical outlines for Division 1 and Divisions 2 through 16 specificauons are as 
follows 

DIVISION 1 
GENERAL REQUIREMENTS 

PART1 GE NERAL 

11 

1 2  

1 3  

1 4  

Scope of Work 

1 1 1 Work Included 
1 1 2 
1 1 3 

Reference Documents 

Submittals 

1 3 1 Procedures 
1 3 2 Certrficahons 
1 3  3 Records 

Quality Assurance 

Related Work Specified Elsewhere 
Work to be Performed by Others 

PART 2 PRODUCTS 

2 1 

2 2 

PART 3 EXECUTION 

Equipment and Matenal Requirements 

Product Delivery, Storage, and Handling 

3 1 Performance Requirements 

3 2 Inspechon Requirements 

I , 3 3 Testing Requirements 
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34 Acceptance 

TYPICAL DIVISIONS 2 THROUGH 16 

PART1 GENERAL 

1 1 Smpeof Work 

1 1 1 Work Included 
1 1 2 
1 1 3 

Related Work Specified Elsewhere 
Work to be Performed by Others 

1 2 Reference Documents 

13 Submittals 

1 3 1 Procedures 
1 3 2 Cemficabons 
1 3  3 Records 

1 4 Quality Assurance 

PART 2 PRODUCTS 

2 1 

2 2 

PART3 EXECUTIO N 

Equipment and Matenal Requirements 

Product Delivery, Storage, and Handling 

3 1 Performance Requirements 

3 2 Inspecnon Requirements 

3 3 Testmg Requirements 

34 Acceptance 
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IV.5.1 Engineered Cover Specifications 

The construchon specificahons associated with the final engineered Cover wdl address 
each layer of the final engineered cover system as well as the general site improvements At 
a mimmum, the following specificahons have been idenhfied for the construchon achvibes It 
should be noted that several of the layers of the final engineered cover wdl be addressed under 
Specificahon Sechon 02200 enhtled "Earthwork " Addihonal specificahons may be requlred as 
further definihon of the design is obbned 

CSI Section Title 
No. Divlsion 1 - General Requwements 

01 100 Special Subcontract Requirements 
01300 Submittals 
0 1500 
01610 
01700 

Temporary Facihhes, Controls, and Special Project Requirements 
Matenal Handling and Waste Disposal 
Subcontractor Safety and Health Requirements 

CSI Section Title 
No. Division 2 - Civil 

02005 
02010 
02015 
02050 
021 10 
02140 
02150 
02200 
02205 
02210 
02222 
022 15 
02225 
02235 
02240 
02650 
02700 
02830 
02930 

Analyhcal Teshng Laboratory 
Sampling and Analysis 
Land Use and Subsurface Condihons 
Demolihon 
Cleanng, Grubbing, Regrading 
Temporary Diversion and Control of Water Dunng Construchon 
Temporary Erosion and Sediment Control 
Earthwork 
Stockpiling of Matenal/Waste Handling 
Grades, Lines and Levels 
Excavating, Trenching and Backfilling 
Geotext.de Fabnc 
Asphalt Concrete 
Asphalt Membrane 
Soil Testmg Laboratory 
Bituminous Pavement 
Pipe Culverts 
Administrahve Control Fences and Gates 
Reclamahon Seeding, Mulching and Fertdizing 
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IV.5.2 Utilities Specifications 

Construcbon drawings will be provided for the grouhng and abandonment of the pipmg 
systems formerly used for transfernng aqueous solubons between the SEPs and Budding 910 
Also included with these types of piping systems are those which were used to transfer SEP 
water between the ponds to allow for roubne mamtenance of the SEps 

Specificabons wlll also be provided for the installabon and/or the reroutmg of required 
electtlcal services At a minimum, the following specificahons have been idenbfied for these 
construcbon acbvibes Addibonal specifications may be required as further definibon for the 
design is obtamed 

CSI Section Title 
No. Division 6 - Electrical 

16010 Electrrcal Systems 
16050 Basic Electncal Matenals and Methods 
16401 Overhead Electrrcal Systems 
16402 Underground Electncal Systems 
16450 Grounding 
16460 Transformers 
16520 Lighhng 
16740 Telephone System Site Preparahon 
16770 Life Safety Disaster Warning Systems 

CSI Section Title 
No. Division 3 - Concrete 

03300 Cast-in-Place Concrete 
03600 Grout 
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W.6 IMPLEMENTATION PLAN AND PROPOSED SCHEDULE 

This secbon provides a descnpbon of the engineenng implementabon studies that have 
been performed dunng the btle design phase of the project The results of thesestudies will be 
used to finalize the design This secbon also provides a preliminary construcbon schedule 

Several falure scenmos have been evaluated or are planned to be evaluated dunng the 
detaded design of the final engineered cover These scenanos have been performed to study the 
potenbal for cover falure and the causes of such a fdure The following falure scenanous 
have been evaluated and are presented in more deml throughout this document 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Slope, stability and settlement analysis, 
Creep analysis, 
Erosion, including soil loss, sheet flow, rut and gully, and wind analysis, 
Seismic evaluabon, 
Surface water runoff, 
Root penetrabon, 
Burrowing animals, 
Air emissions dunng construcbon, 
200 and 300 percent increase in monthly precipitabon, 
100-year storm event, and 
Catastrophic nse in ground water elevabon 

IV.6.1 Geotechnical Investigation 
I The stabllity of the hillside north of the proposed locabon of the final engineered cover 

was invesbgated due to recent field observahons and results of previous studies (Woodward- 
Clyde, 1970, CTWThompson, 1979) Results of the field invesbgabons show the presence of 
ground water seepage, surface soil sloughing, and potenbal bedrock slump blocks m the north 
hillside Because of the cnbcal nature of the subgrade stability with respect to the stability of 
the final engineered cover, a geotechnical investigabon was required to collect data on slope 
stability and settlement Previous invesbgabons have collected analybcal and physical data on 
the soils and bedrock in the area of the SEPs, but data specific to slope stabdity and settlement 
analyses were laclung from the Phase I RFI/RI program 

The stability analysis required determinabon of shear strength and density charactensbcs 
of the soil and bedrock and also required informabon regarding locattons of fracture zones, 
slickensides, and other potenbal falure surfaces Other informabon (e g , ground water 
elevabons) needed for the analysis was avalable from previous studies Sample collecbon and 
geotechnical tesbng provided soil engineenng parameters required for analysis of the hillside 
stability and for evaluabon of potenbal stabihzabon remedies 

The settlement analysis required determinabon of consolidabon charactensbcs of the soil 
and fill below the proposed cover Physical properhes of the matenals such as moisture content, 

l 
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density, and specific gravity was also needed The results of the analysis are provided in @ AppendlxIVH 

IV.6.2 Utilrties Verification Plan 

A ubhbes venficabon plan wdl be implemented to obtiun accurate informabon regardmg 
the idenbficabon, service, ongm, locabon, and status of the uthbes m the vicmty of the OU4 
SEPs whch might be affected by the closure/remediabon acbvibes Drawmg 51045-440 
provides a table from which inibal physical informabon may be obtiuned This informabon was 
obtiuned from RFETS Ubhty Drawings and includes the locabon, size, service, and matenal of 
construcbon for the piping, and electncal and telephone services in the 207-SEPs area and 
adjacent areas that may be disturbed dunng OU4 SEPs closure Due to the uncertamty of the 
accuracy of the ublibes drawings, a ubhbes survey will be performed This survey is mtended 
to accurately complete and venfy the physical informabon presented on Drawlngs 50145-440 
and 51045-441 This survey wdl enable the selected construcbon contractor to accurately locate 
the uthbes dunng closurehemediabon 

IV.6.3 Project Schedule 

Figure IV 6-1 provides a summary-level conceptual project construcbon schedule 
Construcbon acbvibes are planned to start in October 1996 The construcbon should be 
completed in Octoboer 1999 It is important to note that this schedule reflects durabons for the 
implementabon of the conceptual design The regulatory construcbon nulestones will be 
dependent upon the schedule submitted with the final design package It is also important to 
note that the milestones are contmgent upon the receipt of regulatory approval to implement the 
IM/IRA The following are project milestone acbvibes and esbmated dates (month and year) 
for their occurrence The esbmated project milestones are based upon receipt of CDPWEPA 
approval by January 1996 

Project Milestones 

Milestone Activity 
Complete Title Design 
Project Approval 
Removal of Budding 788 
Removal of Building 964 
Award Contract 
Mobilize Construcbon 
Ublibes Complebon 
Final Engineered Cover Complehon 
Demobihzabon 
Post Closure System Start-up 

Estimated Date 
Nov 95 
Jan 96 
Aug 96 
Aug 96 
Aug 96 
Oct 96 
Jul97 
Aug 99 
Oct 99 
Dec 99 
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The schedule is based on the following assumpbons 

I Matenals will be delivered 6 days per week over a 12-hour worlang day 

The construcbon contractor will work five 10-hour days because extended work 
hours over a long penod of bme has proven to be too inefficient and unsafe 

Matenals wdl be brought m as needed for specific layers of the final engmeered 
cover because there! is hmited laydown area avadable for early matenal stoclcphg 

Buddings 788 and 964 and ancillary equipment will be removed pnor to the start of 
construcbon 

The start of construcbon date is based on the DOE IAG milestone schedule 

IV.6.4 Implementation of Site Preparation Activities 

DOE will commence construcbon of site preparabon acbvibes pnor to formal approval 
of the IM/IRA in an effort to expedite the construcbon schedule These actmbes wdl not be 
components of the OU4 closurdremediabon, however, complebon of cemn acbvibes will be 

construcbon include 
I required pnor to the start of the closurehemediabon acbvibes The actwibes for early 

Upgrading the site secunty system so construcbon equipment can access the 
Protected Area (PA) efficiently, 

Relocabon of ubhty lines that will be impacted by construcbon and are required for 
ongoing WETS actwibes, 

Removal of excess utdibes and equipment located aboveground, 

General site improvements such as pulling electncal power and a sewer line to the 
locations where construchon and laboratory tmlers will be located Site hghbng will 
also be installed for secunty purposes as well as performing construcbon acbvibes 
at night, 

Equipment outside and within Building 788 and 964 that is not specifically a 
component of RCRA Units 21, 48, and 24 may be removed from the building pnor 
to the commencement of the RCRA closure acbvibes Much of this equipment will 
not be considered waste and will be removed from the building for re-use Examples 
of potenbally reusable eqwpment are the cement silos, a r  compressors, battery 
rechargers, propane storage tanks, unit heaters, and electncal lighbng, and 
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The DOE will remove the shell of Budding 964 pnor to implemenhng the IM/IRA 
The removal will be conducted according to the approved closure plan that currently 
exists in the WETS RCRA Part B permit The closure cemficahon wlll be 
submitted upon complehon of the IM/IRA when the building foundahon and any 
contaminated soils have been removed and disposhoned beneath the final engmeered 
cover 

It is important that the vegetated areas requinng remediahon be excavated dunng the 
winter months when plants are essenhally dormant and have died back This will reduce the 
volume of plant matenal consohdated beneath the final engineered cover DOE may have to 
excavate these areas early in order to perform the work dunng the appropnate SeaSOn In the 
event of early excavahon, DOE will move the excavated matenals into piles located wthm the 
excavahon zone The piles will be covered with tarpaulins for future disposihon when 
remediated achvihes formally commence The excavated areas will be tested for venficahon 
that all the contaminahon was removed, and backfilled upon the complehon of disposihomg the 
contaminated piles 

IV.6.5 WIRA Construction Implementation Sequence 

Construchon of the final engineered cover will include several well-planned phases of 
work A stnngent Quality Assurance/Quality Control (QA/QC) program will be followed 
throughout all construchon achvihes A more demled descnphon of this QA/QC plan is 
presented m Sechon IV 8 The tasks that must be completed pnor to the construchon of the 
final engineered cover include installahon of a secunty fence and accessways, reroutmg of 

and construchon of a roadway 
I utdibes, locabon of the construchon trader park, installahon of ublihes for construchon triulers, 

Inihally, the site must be prepared for construchon achvihes To accommodate the 
configurahon of the final engineered cover, the rubbish and intermodal contamers currently 
located adjacent to the eastern side of SEP 207-B North, must be relocated outside the newly 
installed construchon secunty fence This will make accessible for Construchon, all avzulable 
real estate between the construchon secunty fence and the eastern boundary of the final 
engmeered cover and SEP 207-C as is practical to be utilized for stockpiling of construchon 
matenals and soils mixing operations This stockpile and laydown area must be cleared and 
graded to achieve a consistent slope If required, this area will also be covered with gravel to 
establish a clean zone The triuler area, as shown on Drawing 51045-110, must also be cleared 
and graded to a consistent slope The removal of Buildings 788 and 964 (RCRA Units 21, 48, 
and 24) will be completed pnor to construchon of the final engineered cover In addihon, some 
monitonng wells on the SEP berms will have to be removed and relocated and/or abandoned 

All construchon maknals required for reclamahon achvihes and final engineered cover 
construchon will arnve on the site and may be stockpiled east of the final engineered cover 
boundary in the designated stockpile area These matenals wdl be delivered to the site 
throughout the project to keep ahead of construchon needs 
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There may be emsbng excavabons on the area north of the penmeter fence (Zone C) and 
on the hlllside north of the SEPs (Zone B) due to tasks completed pnor to the commencement 
of final engineered cover construcbon acbvibes as discussed in Secbon IV 6 4 Approximately 
5,400 cubic yards of topsoil and 1,800 cubic yards of pea gravel wdl be placed m the area north 
of the penmeter secunty fence (buffer zone) Approximately 3,200 cubic yards of topsoil and 
1,100 cubic yards of pea gravel will be placed on the hillside north of the SEPs These 
reclamabon final engineered covers are descnbed as Alternabve 1 in Secbon III 3 2 1 

0 

The hers  in SEPs 207-A, 207-C, and the B-senes SEP liners, totahng apprommately 
11,800 cubic yards, will be crushed, excavated, and stockpded in the SEP 207-C as appropnate 

Berms and sods from SEPs 207-A and the B-Senes SEPs wdl be excavated to the mean 
seasonal high ground water elevabon Upon complebon, the first layer of subsurface dram 
matenal (fine sand) will be used to level the excavated surface to establish a mirumum of one 
percent slope for the subsurface dram This will inihate the construcbon of the subsurface dram 

The subsurface dmn involves five layers of matenal These layers are presented from 
the lowest layer to the hghest layer The first and second six-inch layers of sand and sandy 
gravel, respecbvely, with an approximate volume of 7,400 cubic yards each, filter suspended 
sohds generated as ground water as it flows from low to hgh porosity mnes The thud layer 
is the pnmary dramage layer which involves twelve inches of washed gravel consistmg of 
approximately 14,800 cubic yards The fourth and fifth layers of gravely sand and fine sand, 
with an approximate volume of 7,400 cubic yards each, precludes the settling of contaminated 
sods withm the voids of the dmnage layer Approximately 232,000 square yards of geotexble 
filter fabncs will be used dunng construcbon between the sandy matenals and the washed gravel 
to mamkun segregabon of the vmous matenals dunng construcbon 

0 
The installabon of the vadose mne monitonng equipment will begin upon complebon of 

the upper sand layer of the subsurface dram Inibally, two feet of excavated soils wdl be placed 
on the completed subsurface dmn Honzontal channels wdl then be excavated to a depth of 
approximately 2 feet and the neutron probe access tubes (NPATs) will be lad into the cuts 
Imported sand wdl be used to backfill around the NPATs Instrumentabon and conduits will be 
lad at this bme to connect the frequency domam capacitance (FDCs) and the sucbon lysimeters 
The instruments themselves will be placed aboveground on vefical posts The electrical 
conduits and instruments will be protected dunng construction by temporary solid metal pipe 
Once the backfilling of waste matenal reaches the level of the top of casing, the casing will be 
pulled out of the ground and backfilling and compacbon of the instrumentabon hole will be 
completed manually The instrumentabon holes will be backfilled and compacted incrementally 
as the thickness of the waste zone or final engineered cover increases dunng construcbon 

Once the subsurface dram is complete, excavated contarmnated soils from SEPs 207-A 
and the B-senes SEPs will be propofionally blended with the crushed liners, processed 
pondcrete and sludge, and will be placed on the completed subsurface dmn This matenal to 
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be backfilled will consist of a homogeneous mixture of the following approximate volumes and 
proporhons 

DescnDtion Volume 2 
SEP A & B Soils 92,200 CY 77 5% 
Processed Pondcrete 10,000 CY 8 4% 
Processed Sludge 5,000 CY 4 2% 
Crushed Liners J&L.mux %%% 
TOTAL 119,Ooo CY 100% 

The volume of concrete building foundahons is approximately 300 cubic yards and is 
negbgible Based on the currently scheduled producbon rate of 1,000 cubic yards of 
contaminated matenals placed per day, the following volumes are requlred on a daly basis to 
prevent schedule impacts 

SEP A & B Soils 775 CY 
Proceed Pondcrete 84 CY 
Processed Sludge 42 CY 
Crushed Liners rn 
TOTAL lo00 CY 

To prevent having extended penods of open excavabon and to minimize the effects of 
anbcipated ram events, the above descnbed order of operabons (excavabon, dram placement, 
soil/waste mixing, and backfill) will be accomplished in a gnd pattern Several smaller areas 
will undergo the vanous stages of complebon simultaneously I 

This also allows the contractor to plan his work on a dady basis based on several factors 
includmg, weather, equipment avadability, and degrees of difficulty of vanous porhons of the 
work It also provides the contractor with the ability to develop "work around" scenanos to 
minimze schedule impacts 

Following the replacement of soil from SEPs 207-A and the B senes SEPs, and wastes, 
SEP-207C will be excavated to the mean seasonal high ground water elevabon These soils will 
be distnbuted and compacted on top of the homogenous mixed soils and consolidated hazardous 
wastes 

Upon complebon of the SEP 207-C soils consohdabon, the size reduced debns from 
Buildings 788 and 964 wdl be entombed This will require an excavahon of approximately 400 
cubic yards mto the compacted SEP 207-C soils Size reduced debns wdl be placed in the 
excavabon and covered with a minimum 6-inches of grout All void spaces m and around the 
debns will be completely filled with grout 

Upon complehon of the above acbvibes, contaminated surficial soil from Zones B and 
C (Figure IV 3 l), will be excavated and distnbuted over the soils excavated from the SEPs 
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Transfer of staged soils should proceed from north to south whde placement m the newly 
prepared area conbnues unbl the elevabons of compacted soils in the two areas are equal The 
rematning staged soils will then be distnbuted, from north to south over both areas, and 
compacted 

Backfilling achvibes associated with SEP 207-C and Zones B and C may take place at 
any bme after complebng excavabon of contaminated sod With respect to SEP 207-C, 
excavabon will be deemed complete upon reaching the mean seasonal high ground water 
elevabon or unbl all the soils at concentraQons exceeding the PRGs are removed Surface soils 
wlll be excavated from Zone B There are two vadose zone hotspots where Radium-226 
concentrabons exceed PRGs These vadose zone hotspots will be excavated dunng the removal 
of the contarmnated surface soils from Zone B Only surface soil will be excavated from Zone 
C 

Dunng construcbon of the engineered cover, ground water monitonng wells outside the 
toe of the final engineered cover will be installed as a component of the post-closure monitonng 
system Wastes generated from the installabon of these wells can be stockpiled for future 
placement above the subsurface dmns for inclusion beneath the final engineered cover The top 
of the monitonng wells will be placed at least 6 inches below the surface Protecbve casings 
will be mstalled to minimize the potenbal for damage to the wells as a result of ongoing 
construcbon acbvibes 

The excavabon in SEP 207-C will be backfilled with excess clean soils excavated from 
the north berm areas of the SEPs lcoated north of the vadose soil excavabon (to establish final 
grade) or with clean imported soil Excavabon actwibes associated with this area have been 
discussed in Secbon IV 6 4 General backfill, topsoil and pea gravel descnbed as Alternabve 
1 in Secbon I11 3 2 1 will be placed in SEP 207-C and graded to achieve the appropnate slope 

0 

After compacbon of all the consolidated maknals, the OU4 SEPs will be ready to receive 
the clean imported components of the final engineered cover The components include (from 
the lowest layer to the highest layer) the gravel base course, asphalt concrete, asphalt membrane, 
lower sand layer, angular nprap, gravel filter, sand filter, general backfill, topsoil/gravel admix, 
pea gravel, and vegetabon Post-closure instrumentabon for monitonng moisture in the final 
engineered cover will be installed concurrently with the construcbon of the final engineered 
cover to avoid dnlling through the layers of the engineered cover In each case, the final 
engineered cover matenals will be placed and compacted and trenches for the equipment will 
be excavated into the compacted layer to mantam consistency of compacbon around the 
equipment These depths are at the 
bottom of the sand (dmnagdcushion) layer Following placement and compacbon of the layer, 
the areas around the monitonng devices will be manually backfilled and compacted 

Sensors will be located at four locabons in the cover 

The first layer installed for the final engineered cover includes approxlmately 7,370 cubic 
yards of gravel base course This matenal will be transferred from the stockpile area east of 
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SEP 207-B North to SEP 207-A and the B-Senes SEPs The gravel base course wlll be SIX 
inches h c k  and will be graded and compacted to the appropnate slope 

The volume of asphalt concrete and the asphalt membrane layer total approximately 7,480 
cubic yards (combined) The asphalt concrete and asphalt membrane will arnve onsite at the 
hme it is needed The asphalt concrete will be placed in two 3-inch thick lifts, graded, and 
compacted to achieve the appropnate grade The asphalt membrane layer wdl be apphed as a 
liquid form to a total layer thickness of 200 mils over the asphalt concrete A geotextde fabnc 
wlll be lad between the asphalt concrete and the asphalt membrane to a d  QA of the placement 
process The layers will be allowed adequate hme for cumg pnor to placement of the next 
layer The asphalt layers may be pamted white as necessary to reduce surface temperatures and 
avoid problems associated with thermal expansion. Quahty-control testmg wdl be performed 
before and after the matenals are placed in the final engineered cover 

Approximately 15,200 cubic yards of sand will be placed above the asphalt layer This 
matenal will be transferred from the clean stockpile area east of SEP 207-B North to the final 
engineered cover locahon The dmnage/cushion sand layer will be 12 inches thick and will be 
graded and compacted to the appropnate grade 

Angular nprap will be placed above the lower sand layer totaling approximately 39,850 
cubic yards The angular nprap will be transferred from the stockpile area to the final 
engineered cover locabon Grading and compacbon will be required to complete the 
construchon of the angular nprap layer The lower layer of angular nprap (6"-10" diameter 
matenal) will be 18 inches thick and the upper angular nprap layer (2"-4" diameter matenal) 
will be 12 inches thick 

Approximately 16,850 cubic yards of gravel will be placed above the angular nprap 
layer This matenal will also be transferred from the stockpile area The gravel will requlre 
grading and compachon to achieve the appropnate slope The gravel filter layer wdl be 12 
inches thick 

The sand filter layer w111 total approximately 17,330 cubic yards of matenal which will 
be transferred from the stockpile area Grading and compachon will be required for this layer 
The sand filter layer will be 12 inches thick 

Approximately 46,430 cubic yards of general backfill will be placed above the upper sand 
layer This matenal will be transferred from the stockpile area and graded to achieve the 
appropnate grade This layer will be only slightly compacted to allow for adequate root 
penetrahon for the support of vegetahve growth The general bacwill layer will be 30 inches 
thick 

Approximately 29,000 cubic yards of topsoil/gravel admix will be transferred from the 
stockpile area for placement above the local soil backfill layer The topsoil will be graded to 
the appropnate grade The topsoil/gravel admix layer will be 18 inches thick and will not be 
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compacted to allow for adequate root penetrahon for the support of vegetabve growth Angular 
pea gravel totaling approximately 9,680 cubic yards will be placed above the topsoiYgrave1 
admix layer and graded to the appropnate grade An overall thickness of pea gravel wlll be SIX 
inches 

0 

A penmeter toe d m n  will be constructed to direct clean runoff away from the final 
engineered cover Approximately 770 cubic yards of sand wlll be required to install the 
penmeter toe dmn The penmeter runoff swales wdl also be constructed to dlrect runoff away 
from the final engineered cover 

The areas including the area north of the secunty fence (buffer zone), shown as Zone C 
in Figure IV 3-1, the hillside north of the SEPs, shown as Zone B in Figure IV 3-1, Zone A 
shown on Figure IV 3-1, SEP 207-C, penmeter runoff swales, and the final engineered cover 
will require 27 acres of seeding to produce the requrred stand of vegetabve growth 

Dunng implementabon of the preferred remedy, it is conceivable that soil may be spllled 
dunng normal excavabon and onsite transportahon operabons Although minor spillage of soils 
is not considered to be an imminent threat to human health and the environment, standard 
operahng procedures will be developed to minimize potenbal spills, and provisions (1 e , spill 
removal, contaminant migrahon controls, and soil erosion controls) will be made to preclude 
spills The analyhcal results from the venficahon samples will be used to confirm that spilled 
soils above the PRGs have been properly removed 

Since minor spills do not pose a threat to human health and the environment, 
implementahon of the WETS conhngency plan, which is presented as Part VI of the RCRA Part 
B Permit Applicahon, is not required The conhngency plan would, however, be implemented 
if the emergency coordinator determines that the magnitude of the incident poses a significant 
threat to human health and the environment If the emergency coordinator determines that 

determined to be under control In addibon to the conbngency plan, the Nahonal Response 
Center will be nobfied if the quanbty of soils spilled within any 24-hour penod exceeds the 
specified Reportable Quanhty (RQ) Based on the maximum RFI/RI contanunant concentrabon 
results, it is determined that a minimum of 2,400 lalograms of soil would need to be released 
in any 24-hour penod before RQ nohficabon is required Based on the average density of the 
excavated OU4 soils (104 3 lbs/ff), this quanhty amounts to approximately 1 43 cubic meters 
(or approximately 1 87 cubic yards) 

0 

I achvahon of the conhngency is required, all related operabons will cease unhl the incident is 

Dunng construchon, DOE will provide erosion control to prevent soil erosion from 
causing siltabon of the ITS or surface water dramage channels Erosion control measures may 
consist of haybales and/or silt fences Also, stormwater will be monitored in accordance with 
the NPDES permit to ensure compliance with the IWDES permit 

, The final construchon achvihes will include the installahon of a fence surrounding the 
final engineered cover to prevent intruder access, finalizing construchon of the ground water 
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monitonng wells that were protected dunng construcbon acbwbes, and mstallabon of remanmg 
above-ground momtonng equipment and conduits Signs will be posted on the fence stabng 
"Danger - Keep Out Correcbve Acbon Management Unit" to prevent workers from entenng the 
site 

Dust SUDD ression 

0 

Dust will be generated dunng the SEP excavabon and construcbon of the final engineered 
cover The DOE is most concerned with dust generated from the excavabon and movement of 
the contaminated soils (due to radiological health concerns), but is also committed to r m m m  
dust generated from roubne construcbon acbvibes that do not involve contammated matenals 
There are many ways that dust emissions are suppressed dunng construcbon/excavabon 
acbvihes Common dust suppression actwihes include 

1) Require that work stops under excessive wind condibons, 
2) Use of water sprays dunng construcbon to minimize dust producbon, 
3) Use of fixabve solubons on exposed surfaces to minimize dust producbon, 
4) Use of tarpaulins to contam soils and isolate matenals from the elements 

A combinabon of these common prachces will be used at OU4 to mmimm the release 
of dust 

Dust emissions can result from typical construcbon actwibes which includes the 
excavabon of contaminated soils According to WETS procedures, construcbon work will stop 
if the wind exceeds 35 miles per hour This will minimize dust dispersion from the physical act 
of excavabon under inclement conditions The construcbon access roads will be asphalt paved 
as much as pracbcable, and will include m a n  thoroughfares Paved roads will eliminate a 
source of dust caused by dirt roads that expenence heavy traffic In addihon, water sprays (or 
fixahve solubons) will be applied as required to the unpaved roads or on paved roads if dust 
accumulabng becomes a problem Contaminated soils from the OU4 buffer zone vvlll be 
transported to the OU4 SEP area in tarpaulin covered dump trucks In addibon, water or 
fixabve solubons may be sprayed onto the contaminated soil dunng truck loading and dumping 
operabons Tarpaulins may also be used to cover the truck cargo areas This will prevent 
contaminated soils from blowing out of the trucks The OU4 IM/IRA construcbon strategy 
includes trucks and equipment that will be dedicated to workmg in the contaminated zones and 
trucks and equipment that will be dedicated to the uncontaminated zones This will prevent 
contaminated soils on the trucks and equipment from being spread throughout the clean 
construcbon roads and areas 

Dunng the excavabon penod, piles of contanunated soils and matenals wdl be sprayed 
with a watedfixabve mlxture Fixabve solubons will be applied to piles that will reman idle 
for extensive penods (This may be the case for the liners which will be excavated or treated 
early, and stockpiled for future disposition) Tarpaulins could also be used to cover stockpiles 
Tarpaulins would be used if the other methods were not effecbve Tarpaulins are not preferred 
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because often they are not durable and are labor- and mmtenance-mtensive The crushmg of 
liners and concrete debns will be conducted within enclosed equipment, or the entue crushing 
operabon may be enclosed within a structure such as a permacon@ or a tent Water sprays wdl 
also be used dunng the crushing operabons to minimize the producbon of contaminated dust 
A spray bar will be used at the crusher and at the end of the conveyor pnor to releasing the 
material to the stockpile Dust will be generated dunng the actual excavabon acbvibes by 
excavators and scrapers This dust source will be the most difficult to suppress Water sprays 
will be used dunng the excavabon as necessary to reduce the dust emissions mgh Efficiency 
Parbculate A n  (HEPA) filtered enclosed cabs may be required for the construcbon equipment 
In any case, each operator will have a respirator in case the health and safety supervisor 
determines that the combinabon of weather condibons and radiological concentrabons in the soils 
are high enough to ment respiratory protecbon The nsk assessment modeling will be conbnued 
dunng the design development to ensure that construcbon workers and offsite residents will be 
protected from anborne contaminabon 

The above menboned pracbces will be used to greatly reduce dust emissions, but as with 
any large-scale outdoor construcbon acbvity, they will not be 100 percent effecbve The 
anbcipated special condibons at the OU4 IM/IRA construcbon site warranted the high level of 
analysis and design measures As a result of these efforts, an an monitonng system will be 
installed to venfy au quality and effectiveness of the dust suppression measures dunng 
construcbon This will ensure that the construcbon workers are adequately protected from 
contaminabon, and that there is no significant emission of contaminabon that could impact offsite 
residents The air monitonng system will allow early warning of excessive dust emissions and 
indicate if the construcbon acbvibes should be placed on hold unbl the cause of the emissions 
is idenbfied and recbfied 

Air Moni tonn g 

The purpose of an ax monitonng system is to ensure and venfy that personnel are not 
exposed to auborne contaminabon which exceeds the regulatory limits Air monitonng will be 
performed in several locabons dunng the construcbon/excavabon acbvibes in order to assess the 
quanbbes and types of dust emissions Real-time monitonng will be performed by health and 
safety specialists to ensure that the construcbon environment is suitable for worker safety 
Conbnuous a r  monitors (CAMS) will be used to assess the arborne contaminabon and radiabon 
levels at the construcbon site If the arborne contaminabon and radiabon levels exceed a 
specified set point established by health and safety specialists (based on site specific condibons), 
then an alarm will sound and work will stop until appropnate protecbve measures are taken 
Real-bme carbon monoxide monitonng will be used in any enclosed areas to assure that vehicle 
exhaust does not exceed levels established by Occupabonal Safety and Health Administrabon 
(OSHA) standards 

Conservabve computer modeling results will be used to predict the worker exposure and 
to dictate the inibal personal protecbve equipment requirements The CAP88-PC model and the 
Nearfield box model will be used to predict the radiological nsks to the public and workers from 
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the construchon operahons Preliminary modeling results indicate that the radiological nsk to 
offsite receptors is in the 1 OE-09 range and 1 OE-08 range for site construchon workers "his 
predicted nsk is significantly lower than the EPA target nsk level of 1 OE-06 The modelmg 
results are based on EPA standard receptors, RFETS climahc/weather data, and a conservahve 
assumphon that all the excavated soil wdl have the 95 percent upper confidence interval 
contarmnant concentrahons The inihal personal protechve equipment requirements wdl hkely 
be more conservahve than what is necessary based on the computer madehng results and unhl 
actual data is collected that confirms the modeling results Breathmg zone a r  (BZA) samplers 
will be worn by designated individuals to assess the amount of partxulates inhaled by the 
construchon workers These instruments may also be mounted on construchon equipment such 
as vehicles and excavators A BZA provides an a r  sample that is prachcally idenhcal to the 
that the lndividual construcbon worker is actually breathmg, not just of the surrounding area 
The results of the BZA samples will provide an accurate assessment of the exposure to the 
construchon workers These results will be used to detemune and venfy the appropnate level 
of personal protechve equipment for worker protechon Area a r  samplers wlll be utdued m 
the vicinity of each of the different tasks that are being performed and will provide an mdicahon 
of local area a r  emissions Area iur samplers will also be located at the OU4 fenceline to 
monitor the hazards to RFETS employees that are workmg onsite, but not directly at the SEPs 
DOE Order 5480 11 requires that site worker exposures be mantamed As-Low-As Reasonably 
Achievable (ALARA), with a limit of 5 rem for the annual dose equivalent from both internal 
and external sources All site workers are monitored throughout the year to assess individual 
exposures A worker who is approaching a 5 rem yearly dose will be re-assigned to other 
achvihes with a lower exposure potenhal 

Air samples will be rouhnely taken at the RFETS boundary in order to assess impacts 
to the general public DOE Order 5400 5 establishes that exposures to members of the public 
to radioachve matenals released to the atmosphere shall not cause members of the public to 
receive in a year an effechve dose equivalent greater than 10 mrem Air modeling will be used 
to predict whether the contnbubon of radioachve partmlates will cause the RFETS discharge 
to exceed the 10 mrem effechve dose equivalent limit 

IV.6.6 Certification of SEP Closure 

As required by 6 CCR 1007-3, 265 115 (Cerbficahon of Closure), "within 60 days of 
complehon of closure of each hazardous surface impoundment , and within 60 days of the 
complehon of final closure, the owner or operator must submit to the [CDPHE] by registered 
mal, a cerhficahon that the hazardous waste management unit or facility, as applicable, has been 
closed in accordance with the specificabons in the approved closure plan The cerbficahon must 
be signed by the owner or operator and by an independent registered professional engineer 
Documentabon supporbng the independent registered professional engineer's cerhficahon must 
be furnished to the [CDPHE] upon request unhl he releases the owner or operator from the 
financial assurance requlrements for closure under 6 CCR 1007-3, 266 14 (Financial assurance 
for closure and or post-closure) " 

IV-122 
OU4 Roposcd WIRA-EA DCCUIOO Doc-1 

FcbnurylO 1995 



The definihon for "final closure" presented in 6 CCR 1007-3,260 10, states that closure 
of all hazardous waste management units at the facility shaU occur m accordance with a l l  
apphcable closure requirements and that hazardous waste management achvihes under 6 CCR 
1007-3, 264 and 265 are no longer conducted at the facility unless subjected to the provisions 
of 6 CCR 1007-3, 262 34 An independent professional engineer will be responsible for 
overseeing the closure acbvihes to ensure that they comply with the CDPHWEPA approved 
Decision Document A field log will be mantatned to document the professional engineers 
observahons The field observahons will be supported with photographs, construchon quahty 
control results, and the venficahon sampling results This informahon will be included in the 
closure report The closure report will be cerbfied by the professional engineer and submtted 
to CDPWEPA within 60 days after closure complehon The closure cntena and achvihes for 
waste management must be implemented to venfy that closure is completed according to the 
approved construcbon plans and appropnate requirements When closure is complete and 
cerhfied, the unit will be removed from the Part A Permit applicahon Also, m accordance with 
6 CCR 1007-3, 264 552, nohficahon to the property deed will be provided to nobfy any 
potenhal purchaser that the land has been used to manage hazardous waste 
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IV.7 COSTESTIMATE 

1995 

Esbmated Fundm ($1 3.0 

This sechon presents the esbmated costs for implementmg the OU4 SEP IM/IRA This 
includes a summary esbmate, a funding strategy, and a project contmgency analysis The cost 
informabon used to prepare the esbmate was obtarned through Means Man-Hour Standards for 
Construcbon and mterviews with local contractors/vendors 

1996 1997 1998 1999 2000 

20.0 33.8 29.0 15.0 2.0 

IV.7.1 Summary M i a t e  

Table IV 7-1 presents a summary of the capital cost estrmate The detarled backup sheets 
are mcluded as Appendix IV E The esbmated cost of the project is approxlmately $107 8 
m i o n  The esbmate is based on 1994 dollars escalated at 9 7 percent of the construcQon costs 
to reflect 1998 dollars 

IV.7.2 finding Strategy 

The OU4 SEP IM/IRA will be funded in fiscal year (FY) 95, 96,97, 98,99, and 2000 
based on the conceptual schedule Table IV 7-2 presents an ant~cipated fundmg schedule per 
fiscal year 

TABLE IV.7-2 
FISCAL YEAR FUNDING STRATEGY 
(IN THOUSANDS OF DOLLARS) a 

IV.7.3 Contingency Analysls 

The conbngency analysis for the project is based on the specific level of confidence with 
respect to the major components of the closure/remediabon The contmgency considers the nsk 
of the following 

1) Vanabons and unknowns in scope definibon, 
2) Technical uncemnbes (utdity locabon uncemnty, and lack of detarled 

construcbon specificahons) , 
3) Esbmatmg methodologies used to develop the esbmate and associated 

expenditures, and 
4) Cost impacts from the technical complexlty of the closure/remediabon (pnmanly 

due to excavabon and ublihes removal) 
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TABLE IV 7-1 
DOE ESTIMATED COST SUMMARY 

A ENGINEERING, DESIGN AND INSPECTION $2,500,000 

B LANDANDLANDRIGHTS 

C CONSTRUCTION COSTS $28,700,000 

(1) IMPROVEMENTS TO LAND 

(2) BUILDINGS 

(A) NEW 

(B) MODIFICATIONS 

(3) OTHER STRUCTURES 

(4) SPECIAL FACILITIES (SLUDGES/PONDCRETE $41,200,000 
PROCESS) 

(A) EQUIPMENT 

(B) INSTALLATION 

(5) UTLITIES 
(6) PROJECT & CONSTRUCTION MGMT $19,800,000 

D STANDARD EQUIPMENT 

E REMOVAL COST LESS SALVAGE $500,000 

F CONTINGENCY $15,100,000 

G TOTAL ESTIMATED COST (ROUNDED TEC) $107,800,000 
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The overall contmgency for the project is esbmated to be apprommately 30 percent The 
total contmgency cost is approxlmately $15 1 million The major factors contnbutmg to the 
contmgency are vanahons and uncertamty with respect to the project scope and techmcal 
uncertamhes 

* 

0 
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IV.8 CONSTRUCTION QUALITY ASSURANCWQUALITY CONTROL PLAN 

A construcbon QA/QC Plan will be prepared to descnbe the QA and QC procedures that 
wdl be followed dunng the construcbon of the final engineered cover at OU4 Its purpose wdl 
be to ensure, with a reasonable degree of certatnty, that the completed final engineered cover 
meets or exceeds a l l  of the requirements of the design cntena and the accepted final design 

For clanficahon purposes, QC is defined as the achvihes performed by the thnd party 
construcbon contractors in monitonng the construchon acbvibes such that all constructed final 
engineered cover components comply with the construchon drawings and specificabons QA is 
defined as the acbwbes performed by the construcbon oversight contractor for ensmng that the 
construcbon contractors have constructed the final engineered cover 111 accordance with the 
accepted construchon drawings and specificahons, and that the contractor(s) have adequately 
followed and are in compliance with the approved construcbon QC procedures Construcbon 
QC and QA plan outlines are presented in Appendix IV F 

Appendlx IV G provides a Sampling and Analysis Plan (SAP) that will be implemented 
to venfy that all the contaminated sods have been excavated from areas undergoing remediabon 
outside of the footpnnt of the final engineered cover 

The QC requlrernents and forms applicable to each construchon contractor wdl be 
included in the specificahons for the general contractor and the electrrcal, piping, and dding 
contractors These contractors are envisioned to be responsible for all construchon achvibes on 
this proJect 

The Project Quality Assurance Program Plan (PQAP) will establish the quallty 
requirements for the work performed, and shall be in conformance with the requlrernents of 
DOE Order 5700 6C, Quality Assurance Quality assurance standards whch meet the majonty 
of the requlrements of the order for the development and implementahon of the quality assurance 
programs are EPA QMS 005 and ANWASME NQA-1, Quality Assurance Program 
Requirements for Nuclear Facilihes 
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N.9 HEALTH AND SAFETY CONSIDERATIONS 

DOE Order 4700 1 requires that a comprehensive health and safety program be 
established and ublized for all projects to be conducted at DOE facilihes The goals of h s  
Environmental Safety and Health (ES&H) Program are to protect DOE employees, contractor 
employees, and the general public from hazards, to protect property from damage, and to 
prevent delay or intermpbons that can be caused by accidents and fires in connecbon with the 
construcbon acbvibes 

A Project Health and Safety Plan was ublized for the RFYFU samphng acbvibes Pnor 
to the start of the construcbon of the remedial altemabve for the SEPs, a Health and Safety Plan 
specific to the construcbon achvihes wrll be provided to EG&G for renew and approval It wdl 
provide specific informabon related to the Environmental Safety and Health Work Survey, safety 
and health hazard analysis, personnel tmning requirements, monitonng requlrements, and 
medical surveillance informabon perbnent to the scope of work Achvibes that wll be discussed 
in deml include construcbon safety, radiahon, contaminabon, and the transportahon (both onsite 
and offsite) of matenals Construcbon of the remedial altemabve wdl not begin untd the 
project-specific Health and Safety Plan has been approved 
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N.10 IM/IRA RISK ANALYSIS AND POTENTIAL IMPACT DETERMINATION 

The following secbons descnbe the expected impacts the proposed IM/IRA acbon would 
have on OU4 and the surrounding area compared to the impacts resulbng from implementabon 
of no acbon Issues addressed include human health and ecological nsks, potenbal effects to au 
and water quality, impacts to natural resources, transportabon, cultural/archeological resources, 
and other potenbal impacts Both the proposed IM/IRA alternabve and the no acbon alternabve 
were evaluated quanbtabvely and qualitabvely through modelmg and reasonable esbmabons 
based on avadable informabon It should be noted that the nsk-based impacts focus pnmanly 
on human health because the OU4 site has been highly disturbed by WETS mdustnal acbwbes 
Therefore, the ecosystem surrounding the SEps is not considered to support a normal associabon 
of vegetabon and wlldhfe Quanbtabve esbmates of potentml ecological effects will be 
addressed m the baselme nsk assessment that will be prepared at the conclusion of the Phase 11 
WI/N addibonal hydrogeological studies It is important to note that the comparrson of the 
proposed acbon to the no-acbon alternabve is included to meet the requirements for an 
Enwonmental Assessment (EA) The no-acbon alternabve cannot be selected as the OU4 
IM/IRA due to the fact that this alternabve faded the threshold companson cntena (compliance 
with ARARs, and overall protecbon of human health and the environment) presented in Secbon 
IIIS 

' 0  

N.lO.l Human Health Risk 

The proposed IM/IRA acbon should be protecbve of and result in no unacceptable nsks 
to human health and the environment The proposed acbon would eliminate exposure to surface 
soil and arborne contaminants for the Iifebme of the final engineered cover In addibon, 
exposure to contaminants in surface water runoff would be eliminated for the lifebme of the final 
engineered cover While a potenbal for contaminants leaching into the ground water exists due 
to precipitabon and infiltrabon with the proposed acbon, results of the VLEACH modeling 
(Secbon N 10 4) demonstrate that this potenbal is negligible By controlling the contammant 
leaching to the extent necessary to protect human health and the environment, the proposed 
IM/IRA comphes with the closure performance standards specified in 6 CCR 1007-3, 265 11 1 
and 265 228 Results of the atmosphenc distnbubon calculabons (Secbon IV 10 3) indicate 
there is negligible nsk to the community outside of the Rocky Flats Plant boundary from the 
proposed acbon 

The ability of the proposed IM/IRA to meet the ARARs and other regulatory 
requirements was also evaluated An ARAR evaluabon of the five GRAs is included in Part 111 
of this Decision Document Only acbon- and locabon-specific ARARs were considered m the 
IM/IRA evaluabon No chemical-specific ARARs were idenbfied for the media evaluated as 
part of the IM/IRA Because surface and subsurface sods are the only media that were 
considered dunng the IM/IRA, and because there are no promulgated, chemical-specific ARARs 
for soil, considerabon of only acbon- and locabon-specific ARARs was consldered sufficient 
Other regulatory requirements generally include DOE direcbves and execubve orders The 
proposed acbon is, therefore, adequately protecbve of human health and the environment 
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A detaded ARAR/TBC evaluabon is shown in Table I11 5-2 This table hsts all the 
proposed acbon- and locabon-specific ARARs and denotes which ones are apphcable, relevant 
and appropnate, to be considered, and not ARARs for each of the five GRAs Because General 
Response Acbon 11 is the proposed IM/IRA, the column associated with General Response 
Acbon 11 lists the results of the ARAR evaluahon for the proposed IWIRA The requirements 
that do not apply include those for generabng, stonng, and transportmg hazardous waste Thn 
table presents all the ARARs that the proposed IM/IRA (as well as the other four GRAs) must 
meet 111 order to be protecbve of human health and the environment 

Table IV 11-1, Secbon IV 1 1 2 shows regulatory requirements and the implementabon 
strategy for the proposed IM/IRA In this evaluabon, the regulatory requirements are separated 
by category and an implementabon strategy for each of the requuements is presented This table 
is designed to provide a lisbng of all the appropnate regulatory acbons that must be completed 
to implement the proposed IM/IRA As descnbed in the table, each of the requuements should 
be met using the proposed implementahon strategy In this way, the proposed IM/IRA wdl be 
protecbve of human health and the environment by meebng all the pertsuning regulatory 
requirements 

IV.10.2 Ecological Risk 

A demled, quanbtabve environmental evaluabon of the potenbal threats to the natural 
envuonment associated with contaminants or the proposed acbon under the IM/IRA program has 
not yet been conducted at the site OU4 has been charactenzed as a highly disturbed industnal 
area which can support only the most hardy species of plants and animals The natural 
environment at and adjacent to OU4 has been significantly altered by construcbon and operabon 
of the SEPs and other industnal facilibes (DOE, 1993a) A complete descnpbon of the 
environmental charactensbcs of OU4 is presented in Secbon I 4 of this document Vegetabon 
within OU4 boundanes is attnbuted to previous reseeding programs at the site and natural 
colonizabon by some hardy plant species (DOE, 1993a) Wildlife species observed within the 
OU4 boundanes include small mammals such as deer mice, medium-sized mammals such as 
desert cottontzuls and feral cats, and possibly small birds of ground nesbng species (DOE, 
1992a) 

The Preebles Meadow Jumping Mouse (Zapus hudsonius prebleii) has been idenbfied to 
inhabit the area along the banks of North Walnut Creek The OU4 buffer zone area may be 
used by this species for foraging The Preebles Meadow Jumping Mouse is currently under 
considerabon by the U S Fish and Wildlife Service for lisbng under the Endangered Species Act 
as a federal endangered species The species is currently a State of Colorado "Species of Special 
Concern 'I The DOE will conduct a habitat study dunng the 1995 fiscal year to assess whether 
the remediabon of the OU4 buffer zone will impact habitat used by th~s species The results of 
the study may have an impact on the remediabon plans for any area determined to be habitat for 
this species Remediabon plans could be terminated for these areas; however, the life cycle of 
the Preebles Meadow Jumping Mouse includes an approximate 6 month hibernabon penod 
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Remediabon work could be scheduled dunng the lengthy penod of hibemabon so that the mouse e would not be impacted 

A quanbtabve and qualitabve environmental evaluabon is a large component of the 
baselme nsk assessment that will be completed for OU4 as part of the addibonal hydrogeological 
mvesbgahon and focused nsk assessment acbvibes for the site Previous environmental 
sampling programs conducted at OU4 may not have addressed al l  potenbal ecological receptors 
and contaminant fate and transport mechanisms governing ecological exposure No attempt has 
yet been made to define ecological endpoints to be used to measure adverse effects or "nsks" 
associated with OU4 contaminabon (e g , reducbon in populabon size due to increased mortality 
or decreased births or increased emigrabon or decreased immigrabon, and changes in commuruty 
structure due to direct or mdirect contaminant influences) 

Given the current envuonmental charactensbcs of OU4, the objecbves of the OU4 
IM/IRA program, and DOE'S plans to quahtabvely and quanbtabvely assess potenbal, remaning 
threats to ecological receptors at OU4 in forthcoming charactenzabon efforts, EPA and CDPHE 
determined not to require quanbtabve charactenzahon of the adverse environmental effects 
associated with contaminants in surficial and vadose zone soils In support of this approach, 
however, a potenbal list of contaminant concentrabon levels that may provide some level of 
protecbon for specific ecological receptors (1 e ,  vegetabon, rat, mouse, and rabbit) was 
developed from avalable guidance matenals and technical literature Contaminant concentrabon 
levels presented on this preliminary list included concentrabon limits where no observed effect 
(NOEL) was measured, lowest observed effect (LOEL) was measured, chronic dose that was 
lethal to 50 percent of the target populabon (chronic LD,& and the acute dose that was lethal 
to 50 percent of the target populabon (acute LD,d) This preliminary list is analogous to the 
nsk-based human health PRGs discussed in Secbons I11 2 2 and IV 10 1 because specific 
ecological contaminant concentrabon "goals" were idenbfied for a vanety of measurable adverse 
assessment endpoints or "nsks" to target ecological receptors Companson of these potenbal 
ecological concentrabon limits to the nsk-based human health PRGs developed under the OU4 
IM/IRA program demonstrated that the nsk-based human health PRGs for surficial soils and 
vadose zone soils were generally more conservahve than the potenbal ecological concentrauon 
lints Quanbtabve esbmates of potenbal effects due to exposure to remarung OU4 
contaminabon will be addressed in the forthcoming baseline nsk assessment once ecological 
receptors, potenbal exposure pathways, and target assessment endpoints have been defined 

It is possible, however, to qualitabvely assess potenbal physical changes to the OU4 
environment as a result of implementing the proposed IM/IRA alternabve Approximately 27 
acres (1,176,120 ft square feet) within the boundanes of OU4 will be affected by construcbon 
of the final engineered cover Relocabon of contaminated soils, placement of clean borrow 
soils, and construcbon of the final engineered cover will extensively alter the exisbng topography 
of the site Current conceptual engineenng plans call for the excavabon, relocabon, and 
consolidabon of 170,230 cubic yards (4 4 x 106 cubic feet) of contarmnated sod matenal within 
the OU4 final engineered cover Intenm storage of construcbon matenal and clean fill within 
OU4 will also be requued dunng cover construcbon Secbons of OU4 that potenbally may be 
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used as matenal staging areas are included in the total affected acreage esbmate It is highly 
probable that these construcbon acbvibes wdl intedere with any exlsbng vegetabon and ammal 
use of the OU4 site However, mstallabon of the final engineered cover and revegetabon of 
other affected areas within OU4 marks the end of disrupbve mdustnal acbvity at the site 
Addibonally, implementabon of the proposed IM/IRA alternabve wdl likely dimimsh the nature 
and extent of addibonal remediabon achvibes required at the site by isolabng potenbal sources 
of contaminabon, which will minimize potenbal receptor exposure and prevent further 
envlronmental migrabon 

a 

IV.10.3 Impact to Air Quality 

Dunng the excavabon of the SEP liners, underlying sods, and adjacent sods, dust wll 
be released into the an that has the potenbal to be inhaled by workers perfomng the 
excavatton, on-site personnel, and the off-site public Addibonally, Buildings 788, located 
between SEPs 207-A and 20742, and 964, located east of the B-Senes SEPs, will also be 
removed Building 788 and the equipment surrounding the building have been contaminated due 
to past operabons conducted with vanous contaminants Building 788 is included in RCRA Unit 
21, and the surrounding equipment is included in RCRA Unit 48 For the purposes of 
atmosphenc dispersion, the building’s fixed contaminabon does not pose a threat, but any 
removable contaminatton could potenbally be released dunng removal operabons Futed 
contaminabon is any contaminabon that can not be readily removed from a surface and the 
subsequent hazard is from external radiaoon Removable contarninabon is that contaminabon 
that could be easily removed from a surface by means of au- currents, wiping of the surface, or 
other such events Frequent radiological surveys have indicated that the building surfaces have 
a detectable amount of removable contaminabon This removable contaminabon has the 
potenhal to become anborne and be an inhalahon hazard to the workers, on-site personnel, and 
possibly the off-site public To ensure that these receptors wlll suffer no ill effects as a result 
of the excavabon, computenzed iLlr dispersion models were used to esbmate worst-case 
quanbbes of chemical and radiological contaminants that the receptors might inhale These 
models will look at the possible health effects related only to the remediabon of the SEPs 
Possible health effects would include any short term toxlcological effects and long term increases 
in cancer nsk Hypothebcal adult receptors were evaluated for each Scenano In additoion, a 
hypothebcal child was included as an off-site receptor for each scenano Note that models such 
as the ones used to perform these esbmates have been determined to be conservabve as they are 
based on empincal data and must cover a wide range of situabons The purpose of this 
conservabve calculabon was to produce an esbmate of the intake (chemical and radiological) that 
receptors might receive if they are not using personal protective equipment and are exposed for 
the full durabon of the excavabon and building removal Also, since some of the chemicals and 
radionuclides are potenbal carcinogens, the increase to the receptors’ overall cancer nsk was 
determined Cancer nsk refers to the chance that an individual will mcur a latent cancer later 
m life due to a given exposure The 95% upper confidence level (UCL) concentrabons were 
used as the source term for the emissions and it has been assumed that the soils are 
homogeneously contaminated (even though this realisbcally is not the case) Use of the 95% 

I 

I 
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UCLs adds conservabsm to the final result as those concentrabons will provide an upper bound 
for the wide range of actual sod concentrabons Addibonally, the 95% UCL concentrabons are 
also being used to represent the contaminabon of the Building 788 surfaces The use of these 
reasonable maxlmum exposure calculabons is consistent with the nsk analysis presented in Part 
III 2 Therefore, these are scopmg calculabons, performed to determine if a less conservabve 
evaluabon needs to be done 

For the SEPs, the esbmabon of the receptor subchronic intake mvolved several steps 
The chemcals and radionuclides that were evaluated were taken from the hst of PCOCs 
designated in Part III Then vanous assumpbons about the contaminated area and the receptors 
were defined (breathing rates, body weights, etc ) The models that were used for the esbmabon 
of the emission rates were chosen from those aviulable in the Air/Superfund Nahonal Techmcal 
Guidance Senes (NTGS) Vol 3 Estlmution of Air Emusions porn Clean-up Acnvlhes at 
Supe$md Sites (EPA, 1989a) The model equabons for the SEP sod removal are presented m 
Sechon N 10 3 1 After the emission rates had been determined, the removal bmes for the 
contarmnated soils were defined so that the total emissions from the excavabon could be 
calculated Applicable dispersion factors for the 100 m and 2000 m receptors were idenbfied 
so the diffusion of the dust plume could be quanbfied The 100 m distance was chosen as the 
minimum distance that the dispersion model can accurately predict the dispersion and the 2000 
m distance was chosen as it is the distance to the nearest fenceline A separate model was used 
to calculate the worker subchronic intakes Once the dispersion factors have been defined, the 
total subchronic intake of each receptor can be calculated This is done using an equabon that 
combines all of the previously discussed informahon, the breathing rate of the receptor, the 
diffusion of the plume, the removal bme, and the emission rate As stated earher, the worker 
receptor uses a separate model called a Nearfield Box Model This model consists of two 
equabons the first determines the contaminant concentrabon close to the equipment and the 
second provides the intake of the worker Once the intakes have been calculated, the hazard 
quobent and the overall cancer nsk incurred from the intake were quanbfied The basic 
methodology of the h s k  Assessment Guidance for Superfund (RAGS) Part A @PA, 1989c) was 
used to find these quanhbes 

The model that was developed for Building 788 was based on very conservabve 
assumptrons due to the lack of actual charactenzahon data for either RCRA Unit 21 or 48 The 
surfaces of the building and the equipment are assumed to be covered with a contaxrunated dust 
layer l/lOth mm thick This quanbty of dust is the source term for the model It has been 
assumed that both RCRA units have contaminabon levels charactensbc of the sods underlying 
the SEPs The higher of the surficial or vadose zone numbers has been used for the calculabon 
to yield a more conservabve answer 

The radiological impacts from the demolition of Building 788 were calculated using the 
CAP88-PC (EPA, 1992c) computer modeling package for all receptors except the worker The 
worker has been modeled using the same Nearfield Box Model as used in the SEPs esbmates 
The RCRA contaminants were modeled using the methodology of RAGS Part A,  with addibonal 
informabon incorporated from the work of Jofu Mishima in the Defense Programs Safety Survey 
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- Airborne Release Fractions/Rates Respirable Fractions (1993) The CAP88-PC model 
determines the incremental cancer nsk (ICR) and the radiological dose equivalent from the 
inhalabon of the dust releases From the RCRA contaminants, the RAGS methodology was 
followed to yield both the hazard index and the ICR for all the receptors except the worker The 
worker mtake, calculated using the Nearfield Box Model, used the RAGS methodology for the 
calculabon of the hazard index and the ICR was then applied 

@ 

Also evaluated were the an emissions from the mclusion of the sludge and the pondcrete 
with the sods which are to be placed under the final engineered cover For this scenano, it was 
assumed that the crushing and mixing acbvibes were to be tamed out inside a tent-hke structure 
(1 e permacon) and then loaded into a dump truck which would then dump the mixture into the 
excavated SEPs for final disposibon Since there are no models avalable that can adequately 
esbmate the emssions from the crushing and mixing acbvibes a tent structure equipped with a 
single stage HEPA filter was assumed The normal operabons emissions and an accident 
condibon emissions (loss of the structure contamment) were evaluated The dumping aspect was 
modeled usmg an equahon from the NTGS document (EPA 1989a) The source term for the 
mixture was compiled based on the 95%UCLs for the sludges, pondcrete, and soils Weight 
fracbons were ublized to yield an overall mixture 95%UCL for each contaminant 

Section IV 10 3 1 explans the modeling for the SEPs, Secbon IV 10 3 2 explans the 
modelmg of the Building 788 dismantlement, and Secbon IV 10 3 3 looks at the incorporauon 
of the pondcrete, sludge, and soil under the cap Note that any emissions from the placement 
of the utdibes and debns under the final engineered cover will be inconsequenbal in compmson 
to the other dust emissions sources Summary of Receptor Exposure Factors are presented m 
Table IV 10-1 The final results of the iflr modeling for the SEP excavahon, Building 788 
D&D, and Crushing and Dumping are presented in Table IV 10-2 This table presents the 
cancer nsk, radiabon dose equivalent, and the hazard index for each receptor These values are 
the summahon of Tables IV 10-3, IV 10-4, and IV 10-5, each of these tables is a summary of 
a specific piece that compnses the overall remediabon acbvity The final results for the 
pondcrete/sludge/soil mixture are presented in Tables IV 10-5 and IV 10-6 Table N 10-5 
presents the normal operabons phase which includes crushing, mixing, and dumping of the 
mixture consbtuents Table IV 10-6 presents the results from a hypothebcal accident condibon 
in the mixing and crushing operabon Also within Appendix IV I are the individual contaminant 
outputs for each receptor and scenano 

Based on previously conducted radiological surveys, Building 964 is assumed to be clean 
Therefore, no a r  quality modeling was developed for Building 964 and no impact to i r  quality 
from the demolibon of Building 964 is expected 
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Adult 
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2000 

off-Slte 
Adult 24 

24 
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TABLE IV.10-1 
SUMMARY OF RECEFI'OR EXPOSURE FACTORS 
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70 

70 
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TABLE IV 10-2 
SUMMARY TABLE OF RECEPTOR RESULTS 
FINAL RESULTS OF AIR IMPACT MODELING 

Receptor 

On-slte Adult 

Off-stte Adult 

Worker 

Off-~lte Chdd 

Incremental Cancer Dose Equivalent 
Rl& Hazard Index 

1 1E-02 2 8E-06 3 4E+OO 

2 4E-04 3 9E-08 7 4E-02 

4 5E-02 1 6E-06 5 7  

5 9E-4 6 4E-08 5 1E-02 

Note Includes Normal Operations, Buildmg 788 D&D, and SEP Excavation 
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TABLE IV 10-3 
RECEF'TOR RESULTS FOR SEPS 

- 
Incremental Cancer Dose Eqluvalent 

hsk (=em) 
Receptor Hazard Quotient 

Receptor 

On-~~te Adult 

Off-Site Adult 

Worker 

Off-site f i l d  

,. 
Incremental Cancer Dose Equivalent 

L s k  (mm) 
Hazard Index 

2 6E-06 1 4E-06 14E-01 

1 7E-08 9 OE-09 9 4E-04 

3 4E-02 2 2E-07 2 5  

6 5E-04 6 2E-09 4 2E-08 

Off-site Adult 

Off-site Chld 
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TABLE IV 10-5 
RECEPTOR RESULTS FOR PONDCRETE/SLUDGE/SOIL MIXTURE (NORMAL OPERATIONS) 

On-slte Adult 

Off-s~te Adult 

Worker 

I Receptor I Hazard Quotient I Incremental Cancer hsk I Dose Equivalent (mrem) I 
5 6E-05 4 OE-09 3 4E-02 

1 2E-06 8 8E-11 7 5E-04 

5 6E-05 4 OE-09 3 4E-03 

Receptor 

I Off-site Chid 1 3  1E-06 I 9 OE-11 I 

Hazard Quotient Incremental Cancer hsk Dose Eqwvalent (mrem) 

~ - ~~~ 

Note Includes Crushmg, Mixmg, and Dumprng of the Muture 

On-slte Adult 

Off-~lte Adult 

TABLE IV 10-6 
RECEPTOR RESULTS FOR PONJICRETE/SLUDGE/SOIJ., MIXTURE (ACCIDENT CONDITION) 

2 7E-04 2 OE-08 17E-01 

6 OE-06 4 4E-10 3 8E-03 
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IV.10.3.1 SEP Air Dispersion Modeling 

Vanous assumpbons were ublized in the models including 

022n22446lR9 16-15 WPF 

Mass of a reference adult is 70 lulograms (kg) (Shleien, 1992), 
Mass of a 6 year old child is 19 7 kg @PA, 1990), 
Downwind exposure height is 2 meters (m), 
Width of the contaminated area is 3600 m, 
Average breathing rates are 1 2 m3/hour (light acbvity) for the adult (Shleien, 
1992) and 0 83 m3/hour for the child (EPA, 1990), 
Respirable F c l e s  are less than 15 microns in diameter @PA, 1989a), 
Workday is 24 hours (three 8 hour shifts), 
Receptors include a worker (among the excavahon equipment), on-ate personnel 
(worker) 100 m from the excavahon, an off-site resident at the nearest fencelme 
(2000 m), and a child at the fenceline (2000 m), 
Receptors reman in the plume 24 hourdday (mmmum dose from the removal 
acbvibes) , and 
A scraper weighs 30-50 tons and travels at speeds of 10-20 mrles per hour and 
two scrapers are assumed to be used for the removal of other (soils on north 
hillside and around north road) soils and four backhoes are assumed to be used 
for the removal of pond soils 
Adult lifebme of 50 years and a child lifebme of 70 years was assumed 

These assumpbons are, for the most part, conservabve assumpbons Some of the 
conservabsms are explaned here The lifespan of a human being is typically 70-75 years, and 
therefore, the receptor lifebme for a child was assumed to be 70 years and for an adult (age 20- 
30 years), the receptor lifebme was assumed to be 50 years A 6 year old child was chosen 
because this was believed to be the youngest age of a child that may be near the site boundary 
with a parent to inhale any contaminants The breathing rate that is normally used by DOE 
(0 96 m3/hr) for adult receptors is less than that being used here (see DOE Order 5400 5) By 
using the increased breathing rate, the receptors will receive a higher intake Item 7 adds 
conservabsm as no worker will work for an enbre 24-hour shift, even though it is possible for 
the off-site receptors to remam within 2,000 meters of the work being completed for the enure 
24 hour/day shift Item 9 is a source of conservahsm as the plume will not be directed toward 
the receptors for the enbre 24-hour penod due to almost hourly changes in wind speed and wind 
direchon 

The soil removal process will encompass several steps including excavabon, transport, 
storage, processing, and dumping Most of the emissions are expected from the excavabon 
phase of the removal acbon The modeling equahons used are from Table 24 of the NTGS 
(EPA, 1989a) They are 
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Backhoe mcava t ion  Emission Rate (kg /hr )  = O  45 (s) (M) -l 

U M DmpingEmission Rate(kg/Mg) =k(O 0016) (-I1 3(2)1 
2 2  

Scraper Excavation Emission Rate (kg /hr )  =2 2 ~ 1 0 - ~  (sl 4 ,  (W2 5 ,  Sp 

Where 

S = the silt content of the sod (32 5 wt %) (Chap 11), 
M = the gravimetnc moisture content of the soil (14 9 wt %) (Chap II), 
k = 

U = 

W = 
Sp = the mean speed of the scraper (15 mph) 

the parbcle size mulbplier from Table 23 of NTGS for 15 microns or less, 
value is 0 35 dimensionless, 
the mean wind speed (5 m/sec) from Table 1 1 of the Air Quality 
Management Plan Rocky Flats Plant (EG&G), 
the mean weight of the scraper (40 tons), and 

The end result of the ax emission models are emission rates of 1 9 kg/hr for the 
backhoe, 55 2 kg/hr for the scraper, and 9 8x10 kg/Mg for the dump truck If a dumping rate 
of 8 ton/hr (7 3 Mg/hr) is used @PA, 1989a) an emission rate of 7 2x104 kg/hr can be 
calculated The emissions rate for the dump truck is four orders of magnitude lower than the 
backhoe rate and as such IS assumed to be inconsequenbal Therefore, no emissions esbmates 
were determined from the dumping of the soils The models were developed using worst-case 
ernpincal data and are therefore intrinsically consexvatwe The emission rates are mean values 
but are conservatwe due to the conservatwe nature of the models 

Separate 95 percent UCLs were calculated for the surficial and vadose zone sods Use 
of the total soil excavabon volumes, as discussed within Part IV of this document, will add 
conservabsm to the emission eshmates due to the assumed heterogeneous nature of the 
contammabon in the soils The following paragraphs descnbe how the removal bmes for the 
surficial and vadose zone soils were determined for all chemicals 

The removal bme is the length of bme it takes to remove contaminated soils This bme 
penod is used to determine the total amount of dust that is emitted dunng the soil excavabon 
In calculatmg the removal bmes for the surficial and vadose zone soils, the type of equipment 
that will be used to remove the soils must be assumed There are two areas that will be 
excavated The first is under the pond liners and the second is the area of other soils around 
the SEPs The sods underlying the liners will be removed using backhoes, and therefore the 
backhoe removal rate is used for that secbon The other soils are to be removed using scrapers, 
and so the removal rate for the scraper must be used for that secbon The choice of these pieces 
of equipment is based on the area to be excavated, the ability of the equipment to perform the 
removal, and professional judgement Typical removal rates for the backhoe and scraper can 
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be found from NTGS, Table 32 (EPA, 1989a) An average bucket size for the backhoe and 
scraper is assumed, so average removal rates are used It is assumed that each bucket load will 
be half-full This assumphon adds an addihonal source of conservahsm to the overall result 
Based upon these assumpbons, the excavabon rate for the backhoe is determined to be 300 m3/ 
day The total number of days for the excavabon of the soil by the backhoe was calculated from 
the volume of sod and the excavahon rate The removal rate for the scraper is 235 &/day as 
calculated by the same method used for the backhoe The equabon used to calculate the removal 
hmes is 

@ 

hr 
day 

R e m o v a l  Time (hr) = V o l u m e  ( m 3 )  *Workday ( - ) 
E q u i p m e n t  R e m o v a l  R a t e  ( - m3 ) 

day 

To detemme the dispersion factors the CAP88-PC model was used One funchon of th~s 
au modeling program is that it provides dispersion factors (x/Q for user input distances A 
ground release and a contaminated area with a width of 3,600 m were assumed The model also 
took into account the actual atmosphenc condihons at the WETS @reviuling wind patterns, 
average wind speeds, etc ) The x/Q values used for 100 m and 2,000 m are 2 8E-5 sec/m3 and 
6 2E-7 sec/m3, respectwely 

The subchronic intakes of the on-site and off-site receptors are determined by the 
following formula a 

sec Intake (mg ( p C i )  ) = (- *BR (A) *RT (hr) *ER ( mg (pc') ) 
I) m3 sec hr 

Where 

x/Q = the dispersion factor defined previously, 
BR = the breathing rate as previously defined, 
RT = the removal hme as previously defined, and 

I ER = the emission rate as previously defined 

Intakes were calculated for each PCOC for both the surface and vadose zone soils, as 
appropnate Intakes are either in mg or pCi, depending upon whether the emission rate is in 
mg/hr for non-radioisotope chemicals or pCi/hr for radionuclides 

Worker intakes were calculated using a Nearfield Box Model (DOE, 1992b) This model 
is capable of determining the iur concentrahons close to the release point The Nearfield Box 
model is shown below 
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l 

a 
Where 

Q = the contaminant emission rate (mg/sec) or @Ci/sec), 
Hb = the downwind breathing height (2 m), 
Wb = the width of contaminated area (3600 m), 
urn = the mean wind speed (5 m/sec), and 
ca = the contaminant SUT concentrahon (mg/m3) or @c1/m3) 

I Once the atr concentrahons have been determined, the dose can be calculated using the 
following equahon (DOE, 1992b) 

I In t a k e  = C, *BR*RT 

Where 

Intake = 
c. = the contaminant SUT concentrahon as defined earlier, 
BR = the breathing rate as previously defined, and 
RT = the removal hme as previously defined 

Tables IV 10-2 through IV 10-5 provide the final intake eshmates and cancer nsks for 
the excavahon of the SEPs and the other soils The cancer slope factors and reference doses that 
were used in these tables were found in several sources, IRIS, HEAST, and MEPAS As 
appropnate, these values are displayed in Tables 111-B 7 and 111-B 8 of Appendix III B IRIS 
(Integrated h s k  Informahon Source, Micromedix 1994) is an EPA data base that provides up-to- 
date hazard informahon for many chemicals, this source was the first choice for mformahon 
If IRIS could not provide the applicable informahon, HEAST (Health Effects Exposure 
Assessment Summary Tables) for 1993 was used (EPA, 1992b) The fmal source, MEPAS, 
(Mulhmedia Exposure Pathway Assessment System)(Strenge et al, 1989), is an older reference 
that was onginally created to model exposures, however, it was not used for this purpose as the 
models have become outdated The accompanying documentahon to MEPAS does, however, 
provide chemical toncity informabon for a wide number of chemicals The overall hierarchy 
for selechng the slope factors and reference doses was IRIS, followed by HEAST, and finally 
falling back on the MEPAS values Using these three references, it was possible to find 
toxlcological informahon for all of the chemicals in the soils of the SEPs 

the amount inhaled (mg for chemicals and pCi for radionuclides), 

The subchronic dady intake (SDI) is calculated by talung the subchromc mtake (SI) that 
was found from the models and dividing these by the receptor body weight and the appropnate 
averaging hme 
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S I  
Body Weight *Averaging Time  

SDI = 

The averaging brne is dependent on if the chemical is a carcinogen or not If the chemical is 
a carcinogen then the averaging brne is the receptor lifebme as given in Table IV 10-1 For a 
non-carcinogen the averaging brne that is used is the brne within whch the remediabon is 
expected to be completed For this analysis this was assumed to be six months (182 days) 

Tables IV 1-1 through IV 1-4 also present the non-cancer hazard quobents for each 
chemical The hazard quobents esbmate a chemical’s potenbal for non-carcinogenic effects 
This potenbal is evaluated by compmng the intakes, calculated over a specified brne penod (e g 
removal hme) with a reference dose denved for a similar exposure penod 
exposure to toxicity is called a hazard quobent according to the following equabon 

The rabo of 

Noncancer Hazard Quobent = SDI/RfD 
Where 

SDI = subchronic daly intake, and 
RfD = the chemical specific reference dose 

The non-cancer hazard quobent (or just hazard quobent) assumes that there is a level of exposure 
(1 e , RfD) below which it is unlikely for even sensitwe populabons to expenence adverse health 
effects If the subchronic dady intake (SDI) exceeds the threshold (1 e , if hazard quobent 
exceeds unity) there may be concern for potenbal non-cancer effects As a rule, the greater the 
value of SDI/RfD above unity (1 0), the greater the level of concern 

To assess the overall potenbal for noncarcinogenic effects posed by more than one 
chemical, a hazard index (HI) approach has been developed by EPA This approach assumes 
that simultaneous subthreshold exposures to several chemicals could result in an adverse health 
effect It also assumes that the magnitude of the adverse effect will be proportronal to the sum 
of the rabos of the subthreshold exposures to acceptable exposures The overall HI for the 
mrxture of chemicals is just the summabon of all the individual hazard quobents 

While any single chemical with an exposure level greater than the toxicity value will 
cause the hazard index to exceed unity, for mulbple chemical exposures the hazard index can 
also exceed unity even if no single chemical exposure exceeds its RfD The assumpbon of dose 
addibvity reflected in the hazard index is best applied to compounds that induce the same effects 
by the same mechanisms Applying the hazard index to cases where the known compounds do 
not induce the same effect may overesbmate the potenbal for effects 

Tables IV 1-1 through IV 1-4 also provide the total subchronic intakes (SI) for the vanous 
chemicals The SDI was not directly calculated so the equabon for the hazard quobent was 
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modified to include the "normalizahon" of the SI to SDI The equahon for hazard quohent then 0 becomes the following 

B W* AT* R f D  
Hazard Quotient = 

Where 
SI = the subchronic intake 
BW = the body weight of the receptor 
AT = the averaging hme of six months (182 days) 
RfD = the chemical specific reference dose 

For carcinogens, nsks are eshmated as the mcremental probabihty of an indimdual 
developing cancer over a lifebme as a result of exposure to the potenoal carcmogen (1 e , excess 
individual lifehme cancer nsk) The slope factor converts esbmated intakes averaged over a 
lifebme of exposure dlrectly to incremental cancer nsk Under this assumpoon, the slope factor 
is a constant, and nsk will be related directly to intake Thus, the following nsk equahon was 
used in this assessment 

ICR = SDI * SF 
Where 

ICR = Incremental Cancer fisk, 
SDI = Subchronic Dady Intake (mg/(kg*day)), and 
SF = chenucal specific slope factor (mg/(kg*day)) 

This equahon is only valid for nsks esbmated at less than one in one hundred (1 OE-2) For 
greater (> 1 OE-02) nsks, another equabon could be used This was unnecessary for ths 
assessment 

Because the slope factor is often a 95 percent UCL of the probabihty of a dose response 
(based on expenmental animal data), the carcinogenic nsk wlll generaIly be an upper-bound 
eshmate This means that the "true nsk" is not likely to exceed the nsk esbmate denved 
through this model and is likely to be less than predicted The calculahon of the overall cancer 
nsk is done by finding the sum of the individual cancer nsks for each contaminant 

Tables IV 1-1 through IV 1-4 provide the total subchronic intakes (SI) for the vanous 
chemicals The SDI was not directly calculated so the equahon for the hazard quobent was 
modified to include the 'InorrnalizaOon" of the SI to SDI This is basically the idenbcal 
normalmhon that was used for the non-carcinogens The equahon for incremental cancer nsk 
then becomes the following 
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Where 
SI = the subchronic intake 
BW = the body weight of the receptor 
AT = 
SF = the chemical specific slope factor 

the lifehme of the receptor provided in Table IV 10-1 

The quanhficahon of the actual radiahon dose from the internal deposihon of the vanous 
radionuclides was performed by mulbplying the dose conversion factor (DCF) of the 
radionuchde by the intake (pCi) that was calculated earlier The use of the DCFs provides a 
method ~fl which the ra&ological dose equivalent u1 mrem can be calculated for those quantshes 
of radioachve matenal which might be inhaled (ICRP 30, 1982) Tables IV 1-5 through IV 1-8 
present the results of the radiahon dose calculahon The highest dose to any receptor was 
calculated for the worker (3 2 mrem) and the on-site personnel (3 2 mrem) The other receptors 
and their respechve doses were, off-site adult resident, 0 07 mrem, off-site child resident, 0 05 
mrem 

Results of the conservahvely eshmated atmosphenc dispersion associated with the 
removal of the asphalt liners and the soils under and around the SEPs indicates no sigmficant 
increase in the overall cancer nsk or noncarcinogenic effects to the workers, on-site personnel, 
or the off-site public The increase in the cancer nsk is equal to or less than 1 OE-5 for all of 
the hypothehcal receptors The hazard index is equal to or less than 1 OE-2 for all hypothehcal 
receptors The overall lifehme radiahon dose equivalent for inhalahon intakes to the receptors 
is less than 4 mrem All these eshmates are within the EPA-defined acceptable nsk ranges The 
final results for the SEP excavahon are presented in Table IV 10-3 

IV.10.3.2 Building 788 Air Dlspersion Modeling 

Vmous assumphons were used in the models, including 

1) 
2) 
3) 
4) 
5) 

6) 
7) 
8) 

Mass of a reference adult IS 70 lulograms (kg) (Shleien, 1992), 
Mass of a 6 year old child is 19 7 kg (EPA, 1990), 
Downwind exposure height is 2 meters (m), 
Cross wind width of the contaminated area is 225 ft, 
Average breathing rates are 1 2 m3/hour (light actwity) for the adult (Schleien, 
1992) and 0 83 m3/hour for the child @PA, 1990), 
Respirable parhcles are less than 15 microns in diameter (EPA, 1989a), 
Workday is 24 hours (three 8 hour shifts), 
Receptors include a worker (among the excavahon equipment), on-ate personnel 
(worker) 100 m from the excavahon, an off-site resident at the nearest fenceline 
(2000 m), and a child at the fenceline (2000 m), 
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Receptors reman in the plume 24 hours/day (mmmum dose from the removal 
acbvibes) , 
An arbome release fracbon (ARF) of 1 OE-3 was used for the Building 788 
model, m i s  fracbon represents the fracbon of dust that could become anborne 
(Mishima, 1993)], 
A respirable fracbon (RF) of 1 0 was used for the Building 788 model m s  
represents the fracbon of dust that can be inhaled by the receptor (Mishima, 

The dust layer is 1/10 mm on all surfaces, 
Only 50 percent of the building walls have dust adhenng to the surface, and 
The density of the dust is that of a soil, 0 6 g/cm3 (Perry, 1986) 

1993)~ 

The demolibon of Building 788 will be completed by systemabc dismantling of the building 
structure and removal of the vanous equipment An esbmabon of the amount of contarmnated 
dust that is on the building and equipment surfaces was made by esbmatmg the overall surface 
area of the building from construcbon drawings and using the dimensions and volumes of the 
equipment provided in the EG&G Building 788 Radiological Charactembon Plan The overall 
surface area was found to be approximately 4,000 m2 With the assumpbon of a dust layer of 
1/10 mm (1 OE-4 m), the volume of the dust layer is 0 4 m3 The total mass of the dust layer 
can then be found by using the dust density of 0 6 g/cm3 to yield 2 O E 5  g of dust (this bemg 
conservabve) 

Assuming 2 O S  g of dust, the amount of respirable parbcles of each contamnant that 
are =borne was determined by the mulbplicabon of the 95 percent UCLs and the dust mass 
calculated above The end result is the amount of each conshtuent irbome (in respuable 
parbcles) in either units of pCi for the radionuclides or mg for the chemicals The subchronic 

I intake for each of the receptors was calculated using the following formula 

I n t a k e  = B r e a t h i n g  R a t e *  *ARF*RF*Amount o f  Chemical  Q 

Where 

Amount of Chemical = the mg of chemical or pCi of radionuclide arborne 
(All other parameters were previously defined ) 

The factors in this equabon for the breathing rates and x/Q are idenbcal to those used 
in the SEP modeling (Sec IV 10 3 1) This equabon was used for the chemical consbtuents 
For the radionuclides, the CAP88-PC software was used to determine the on-site adult, off-site 
adult, and off-site child effecbve-dose equivalents and incremental cancer nsks The inputs to 
thu program consist of the amount of pCi present for release (calculated above), the distance 
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to the receptors, and the meteorological informabon provided for WETS The results of the 
CAP88-PC model are presented m Table IV 1-14 

The modeling of the worker intake was done in the same manner as outhed m Sec 
IV 10 3 1,  by usmg the Nearfield Box Model Also, the calculabons of the hazard mdex and 
the mcremental cancer nsks were completed in the same manner as outlined m Sec IV 10 3 1 

The results of the atmosphenc dispersion associated with the demolibon of Budding 788 
indicate no sigruficant increase m the overall cancer nsk or carcinogenic effects to the workers, 
on-site personnel, or the off-site public The increase in the cancer nsk is equal to or less than 
1 OE-6 for all of the hypothebcal receptors The hazard index is less than 1 OE-1 for all 
hypothebcal receptors The overall lifehme radiabon dose equivalent for mhalabon mtakes to 
the receptors is less than 3 mrem These esbmates are all below the EPA-defined acceptable 
nsk ranges The model results for the non-radionuclide contarmnants are presented m Tables 
IV 1-9 through IV 1-12 For radionuclides, the results are given in Tables IV 1-12 and IV 1-14 
A final summary of the Building 788 a r  impacts is given in Table IV 10-4 

Based on previously conducted radiological surveys, Building 964 is assumed to be clean 
Therefore, no an quality modeling was developed for Building 964 and no impact to a r  quality 

from the demolihon of Building 964 is expected 

IV.10.3.3 Crushing and Dumping Air Dlspersion Modeling 

This sechon outlines the modeling that was done in order to eshmate the possible health 
effects to hypothehcal receptors from the crushing and dumping of the soil/pondcrete/sludge 
mixture Assumphons for this model are no different than those used m Secbon IV 10 3 1 with 
the addibon of assuming a bme-based emission factor for the dumping of 8 ton/hr (EPA 1989a) 
This number is the maximum emissions factor from the NTGS document The scenano of 
mterest is the possible emissions from the crushing and mixing operahons and then the 
subsequent dumping of the mixture into the trucks for transport and dumping into the final 
disposal area An accident condibon involving the crushing and mlxing operabons was also 
evaluated that will result in the loss of the tent structure covenng these operabons 

The first step in evaluatmg the emissions is to determine a 95% UCL for the mlxture 
The mixture 95% UCL is found by ublizing the weight frachons, presented in Table IV 10-7, 
and the 95%UCLs for the specific source Note that the weight frachons presented in Table 
IV 10-7 do not include any additional drying addihves that may be used in pretreahng the 
sludges and pondcrete 
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Source 

SEP 207 A 

SEP 207 B-Center 

SEP 207 C 
Clanfier 
Pondcrete 
Vadose Soils 
Surficial Soils 
Liners 

SEP 207 B-Nolth 

SEP 207 B-South 

ITotal 

TABLE IV.10-7 
SLUDGE, PONDCRETE, AND SOILS DATA 

2 58E+03 
2 15E+05 
8 06E+04 
5 1OE+04 
4 58E+05 
6 04E+04 
2 22E+07 
3 68E+08 
2 42E+07 
4 40E+07 
4 59E+08 

4 68E-04 
1 75E-04 
1 llE-04 
9 98E-04 
1 31E-04 

8 01E-01 
4 84E-02 

5 27E-02 
9 58E-02 

102 
103 
1 02 
1 4 4  
125 
131 
1 68 
1 68 
2 2  

100E+001 N/A 

1 17E+06 
9 75E+07 
3 66E+07 
2 32E+07 
2 08E+08 
2 74E+07 
101E+10 
167E+11 
1 10E+10 
2 OOE+10 
2 08E+11 

115E+06 
9 55E+07 
3 55E+07 
2 27E+07 
144E+08 
2 19E+07 
7 69E+09 
9 94E+10 
6 54E+09 
9 08E+09 
1 23E+11 

Volume 
(Yd3) 

149E+00 
124E+02 
4 62E+01 
2 95E+01 
188E+02 
2 85E+01 
1 OOE+04 
129E+05 
8 50E+03 
118E+04 
1 &+05 

With the weight frachons and the 95%UCLs known, a composite mlxture 95% UCL is 
determined using a basic summabon formula 

I Composite 95% UCL = C [specific weight frachon * specific 95% UCL] 

The specific weight frachons come from Table IV 10-7 and the sources for the weight frachons 
are matched up with the 95% UCLs for each source The end results are a chemical specific 
95 % UCL for each contaminant within the mixture These chemical 95 96 UCLs are then used 
as the source informahon for the emissions modeling Table IV 10-8 presents the total weighted 
95% UCLs that are used, note that the values are in units of mg/kg for the chemcal 
contaminants, and pCi/kg for the radionuclides 
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TABLE IV.10-8 
TOTAL WEIGHTED 95% UCLS FOR THE SLUDGE/FONDCRE"E/SOIL MIXTURE 

VALUES ARE IN UNITS OF MG/KG (CHEMICALS) OR PCUKG 
(RADIONUCLIDES) 

Constituent 
2-Butanone 
Acetone 
Amencium 241 
Arochlor- 1254 
Arsenic 
M u m  
Benzo(a)anthracene 
Benzo( a)p yrene 
Benzo@)fl uoranthene 
Benzo(g,h,i)perylene 
Benzo(k) flouranthene 
Berylhum 
Bis(2-ethylhexy1)phthalate 
Cadmium 
Calcium 
Cesium 134 
Cesium 137 
Chloroform 
Chromium 

a 
Chrysene 
Cyanide (total) 
Di-n-butyl phthlate 
Fluoranthene 
Indeno( 1,2,3-cd)pyrene 

I Lithium 
Manganese 
Mercury 
Methylene Chlonde 
Nitrate 
Nitnte 
Phenanthrene 
Plutonium 239/240 
Potassium 
Pyrene 
Radium 226 
Silicon 
Silver 
Sodium 

!wux& 
5 4E-02 
2 4E-01 
4 OE+OO 
17E-01 
4 6E+W 
1 OE+02 
4 4E-02 
4 6E-02 
2 OE-02 
3 5E-02 
2 2E-02 
2 2E-01 
6 OE-01 

2 OE-02 
2 OE-02 
4 5E-02 
1 OE-02 

2 2E+02 

6 3E+01 

14E+01 
5 OE-02 

2 1E-01 
2 OE-02 
3 8E-02 
13E+01 
2 OE+02 
15E+W 

16E+03 
15E+03 

1 8E+02 
2 3E+03 

12E+W 
2 OE+02 
2 8E+W 
4 8E+03 

2 5E-02 

2 OE-02 

4 OE-02 

Constituent 
Stronhum 89/90 
Sulfide 
Toluene 
Tnhum 
Uranium 233 
Uranium 234 
Uranium 235 
Uranium 238 
Zinc 

2s2kYcL 
4 3E-01 
3 3E+01 
17E-01 
4 3E+W 
3 3E+W 
12E+01 

16E+01 
1 lE+01 

5 2E-01 
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Using the source term, the overall intake to the hypothebcal receptors can be evaluated This 
is done in a similar fashion as the excavabon of the soils Using the ermssion rate equabon for 
dumping that was presented earher a rate of approxlrnately 2E-4 kg/Mg (Mg is Mega-grams) 
is found This is then used to generate chemical specific emission rates using the followmg 
equabon 

0 

Chemical E m w o n  Rate(mg1hr) = EF * ER * 95% UCL 

Where 
EF = the Emission Factor of 8 ton/hr (7 3 Mg/hr) 
ER = the Dumping Emission Rate of 2E-4 kg/Mg bmes 2 
95% UCL= the 95% UCL from Table IV 10-8 

Note that the value for ER is mulbplied by 2 in order to account for dumpmg the mture  twice 
(into the truck and into the SEPs) The resulbng chemical emission rate can then be used to 
esbmate the overall mtake to the hypothebcal receptors using the appropnate breathmg rates, 
dispersion factors (both used previously) and the brne esbmate for the complebon of the dumping 
acbvibes To calculate the brne esbmate, the total weight of the dry sludge from Table IV 10-7 
in pounds is converted to tons and then divided by the Emission Factor The result of h s  
calculabon is approximately 26,000 hours This brne eshmate may appear to be unreasonably 
long, however, h s  would be for just one truck to complete the enbre dumping operabon 
Obviously more than one truck will be used dunng the project and therefore the actual brne will 
be less, this does not, however, change the emission esbmate If four trucks were used the bme 
would be quartered but the emission rate would increase by four bmes, and the end result would 
be the same amount of emissions 

The intake for alI receptors (on-site, off-site, and worker) is then determined using the 
same intake equabons as presented in Secbon IV 10 3 1, the only difference being the removal 
brne which is 26,000 hours Also the determinabon of the hazard quobent and the cancer nsk 
for each of the chemicals is performed in the same manner as previously in Secbon IV 10 3 1 
The end result will be the overall hazard quobents and cancer nsks to each receptor as a result 
of the disposibon of the mixed matenals 

Once the dumping phase has been calculated the crushing and mixlng phase of the 
operahon shall be addressed This discussion descnbes the operabon as it might occur normally 
within a tent structure (contamment) while utdizing a HEPA (High Efficiency Partxulate Air) 
filter unit to control the dust emissions (normal operabons) A second scenano for a 
hypothebcal accident condibon involving the loss of the contamment occurs with the subsequent 
release of dust to the atmosphere was also evaluated For these scenanos, the following 
assumpbons were ublized One is that the enbre mass of the wet sludge is avsulable for 
dispersal (this assumpbon will be discussed further) Also the ARF (Airborne Release Fracbons) 
and RF (Respirable Fracbons) used in these scenmos are taken from "An Assessment of the 
fisk of Transportmg Plutonium Dioxlde and Liquid nitrate by Tram" (PNL 1977) In this study 
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the matenal of mterest was plutonium dioxide powder which should be more dispersible (easier 
to be made arborne) than the soiYsludge/pondcrete mix and is therefore believed conservabve 
The value for the ARF is 1E-03 and for the RF a value of 1E-03 is used (both are unitless) 
Addibonally, the efficiency of a HEPA filter is typically assumed to be 99 97% 

a 
The normal operabons phase will have dust emissions that are inherent when concrete 

blocks of any slze are to be crushed The actual emission rate from such an operabon is not 
readdy known, therefore m order to better protect any potenbal receptors, a tent enclosure wth 
a HEPA frlter should be used to control potenbal dust emissions The release of dust emissions 
from this enclosure can then be modeled using a "black box" approach Th~s means that the 
crushg operabon is modeled as if it were talang place inside a box and the emissions from this 
box are then esbmated Th~s approach allows flexibility in the operabons that occur inside the 
enclosure, the esumabon wdl be legibmate as long as there is a HEPA filter m place to filter 
the an before it is released In order to do this the enhre mxture mass was employed as the 
source term The total amount of matenal that is inhaled by the hypothebcal on-site and off-site 
receptors can be found using the following equabon 

Where 

Total Mixture Mass is from Table IV 10-7 in units of grams 
RF is the Respirable Fracbon defined earlier 
ARF is the Airborne Release Fracbon defined earlier 
x/Q is the dispersion factor as in Sect IV 10 3 1 
BR is the Breathing Rate as m Sect IV 10 3 1 
95% UCL is the chemical specific 95% UCL as in Table IV 10-8 
HEPA is 1 minus the HEPA efficiency of 0 9997 
Intake is the amount inhaled in units of milligrams or pCi, as appropnate 

For this calculabon the total mixture mass is used as the source term because all of this matenal 
will be crushed and/or mixed together in order to produce a homogeneous mixture 

The total amount of matenal that is inhaled by the hypothebcal worker receptor can be found 
using the following equabon 
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Where 

Total Mcrsr*RF*ARF*HEPA*BR*95%UCL 

H * W * U  
InklRe = loo0 glkg 

Total Mcrsr*RF*ARF*HEPA*BR*95%UCL 

H * W * U  
InklRe = loo0 glkg 

All of these parameters have been defined earlier either in this sechon or in Sections 
IV 10 3 1 or IV 10 3 2 

This equahon is similar to the one used in Sechon IV 10 3 1 and IV 10 3 2 The difference is 
that now an emission rate is not needed to yield the amount of matenal that is likely to be 
&spersed Once the intake has been calculated the hazard indices and the cancer nsks are found 
in the same manner as m Sechon IV 10 3 1 The results of the normal operabons phase, which 
mcludes the crushing/rmxmg and dumping operahons, are presented in Tables IV 1-15 to IV 1-22 
with a result summary m Table IV 10-5 The first block of tables presents the chemcal and 
radionuclide specific results and the summary shows the individual receptor results 

The accident scenmo that was postulated occurs if, dunng normal operabons, the tent 
enclosure undergoes a catastrophic fadure that results in 100% loss of contamment This loss 
of contamment accident will use as its source term the enhre mixture mass, as was done for the 
normal operahons scenmo This situahon is not the most probable as operahons will be halted 
if such an event were to occur, thereby resulhng in only a small frachon of the mixture bemg 
avadable as a source term The entve mass is used since this is a scopmg calculabon If the 
results of this accident show little nsk, then the actual nsk will be substanhally less The results 
of the accident condibon are presented in Tables IV 1-23 to IV 1-30 with a result summary in 
Table IV 10-6 The first block of tables presents the chemical and radionuchde specific results 
and the summary displays the individual receptor results 

l 

I 

The equahons that are used to eshmate the intakes to the receptors from the loss of the 
conkunment are similar to the ones used for the normal operahons phase The only difference 
is that the HEPA fiter term is not used in the accident condihon Then, as before, the hazard 
indices and cancer nsks are calculated using the methodology presented in Sechon IV 10 3 1 

The final results of both the normal operahons and the accident condihon yield results 
that are less than the potenhal health nsk from the excavahon phase The hazard quohents that 
have been calculated for both normal operahons and the accident condihon are orders of 
magnitude lower than that of the excavahon phase The incremental cancer nsk is one order of 
magmtude or more lower than the excavahon phase and the radiological dose is also several 
orders of magnitude lower These results indicate that the excavahon phase poses the most 
significant health threat and that health threat is also minimal based on these very conservahve 
calculahons 
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These calculabons are based on conservabve assumpbons However, even with such 
consewatwe assurnpbons the results are below the EPA guidelines for nsk values (104 to 1od) 
The results could be lowered by several orders of magnitude with the use of less conservabve 
(more realisbc) assumpbons As such these calculabons are for scoping purposes only 
However, these calculabons predict that the impact to the a r  quallty from the proposed WIRA 
is neghgible 

0 

IV.10.4 Impact to Ground Water Quality 

Potenbal adverse impacts to ground water resulbng from exisbng OU4 site condibons and 
the implementabon of the preferred IM/IRA were evaluated using quanbtabve fate and transport 
models The purpose of these analyses was to demonstrate that the implementabon of the 
preferred WIRA would provide long-term protecbon for ground water and surface water The 
purpose of modehg downward contaminant migrahon through the proposed final engmeered 
cover into the consolidated matenals, which includes liners, sludge, pondcrete, surface soil, and 
vadose zone soil was to determine the type and magnitude of potenbal impacts to ground water 
quality resulbng from the downward leaching of contaminants 

The mfluence of downward advectwe (leaching) processes was quanbtabvely explored 
by using data from the HELP model (Secbon IV 3 1 1) and the one-dimensional finite difference 
vadose zone leaclung model, VLEACH, developed for the EPA The goal of this analysis was 
to deternune whether the recommended IM/IRA cover would provide adequate protecbon for 
ground water by minimizing mfiltrabon and further contarninant migrabon for the 1,OOO-year 
performance penod 

IV.10.4.1 Vadose Zone Leaching Model - VLEACH 
a 

A simple, one-dimensional vadose zone leaching model was selected to provide 
conservabve esbmates of the potenbal for downward nugrabon of contaminants Four scenanos 
were modeled in the VLEACH code The first, second, and third scenanos include the 
migrabon contarmnants through the proposed final engineered cover, consolidated contarmnated 
matenals which mcludes hers, sludge, pondcrete, surface soils and vadose zone sod, and the 
subsurface dmnage layer The first scenano simulates normal precipitabon condibons, the 
second includes a 300% increase in precipitabon, while the third represents a 100-year storm 
event with normal temperature and vegetation data The fourth scenano includes modeling the 
site with no action, as it exists today 

The use of a one-dimensional model is a very simple evaluabon of unsaturated condibons 
at this site Given the aforemenboned considerabons, VLEACH Version 1 02 (IGWMC, 1991) 
was chosen to model downward contaminant migrabon through the matenals consolidated 
beneath the final engineered cover A more complex model, VSZDT, was selected to exemplify 
a more detiuled and realisbc settmg and has the capability to simulate the disposiborung of 
several types of contaminated media with different propemes beneath the final engineered cover 
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l%s modehng wdl be completed as part of the demled design, and is explmed in Secbon 
IV 105 

VLEACH is a one-dimensional finite difference model which simulates contaminant 
leachmg through the 1,OOO-year cover, the consolidated contaminated matenals, and the 
subsurface dmnage layer by simultaneously solving several mass balance equabons For the 
no acbon scenario, the model simulates contaminant leaching through the exisbng pond hers  
and vadose zone sod beneath the SEPs The model is capable of simulabng four m a n  processes 
typically governing fate and transport in the vadose zone 

0 Liquid-phase downward advecbon, 
0 Sohd phase adsorption, 
0 Vapor-phase equilibnurn, and 
0 3-phase equilibnum 

Figure IV 10-1, Analyses of Ground Water Quahty Impacts Potenbal Effects of 
Precipitabon Infiltrabon, presents a generalized schemabc of the natural processes mcluded in 
the VLEACH model 

VLEACH couples exisbng site condihons (both physical and chemical propertm) with 
analyte-specific prope~es to simulate contaminant behavior under unsaturated condihons over 
the user-defined penod of bme The VLEACH model requires several analyte-specific input 
parameters (e g , K,, K,, D,) as well as site-specific charactensbcs that may influence the 
behavior of contaminants within unsaturated soils In general, the data requirements for 
VLEACH fall into four categones chemical parameters, soil propemes, site propemes, and 
model parameters Chemical parameters are analyte-specific and depend upon the assumpbons 
governing the nature of site contammatron which are incorporated into model simulabons For 
example, assumpbons made regarding the chemical speciabon of each contammant to be modeled 
must be developed Thus, all chemical-specific parameters used in the VLEACH model must 
then be related to the assumed chemical species The remaning site-specific parameters focus 
on the extent of site contaminabon and the physical vadose condibons at OU4 that may influence 
the behavior of the modeled contaminants 

@ 

I 

The VLEACH model can be constructed to subdivide a specific site into separate units 
or "polygons" with disbnct chemical and/or physical charactenstxs Each polygon is then 
represented by a stack of vemcal cells that extend from the surface receiving precipitabon to the 
piezometnc surface In this way, the model may be developed to adequately descnbe 
heterogeneous site condibons, assuming instantaneous equilibnum (1 e , the model does not 
include potenbal lanebc considerabons), however, it is important to note that the VLEACH 
model is subject to several major assumphons that should be considered dunng model 
development and inkrpretabon of results The VLEACH model assumes that the media within 
a partmhr model polygon is completely homogeneous and behaves as a uniform porous 
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medium, wth a constant moisture content profile and no preferenbal flow pathways Further, 
the model does not support m situ producbon or degradabon of contaminants The model also 
assumes that contarmnant partrbonmg between soil gas, vadose zone pore water, and sohd media 
can be descnbed by simple hear relabonships These are limbng assumpbms designed to 
simplify computabons 

VLEACH calculates the contaminant present m each cell assuming mstantaneous 
equhbnum between the three model phases, soil gas, vadose zone pore water, and sohd sod 
matax The model output, a senes of mass balance calculabons and cumulatwe mass fluxes 
across the liquid phase mto ground water, provides valuable informabon about the potentd 
effecbveness of the recommended WIRA final engineered cover 

IV.10.4.2 Governing Transport Equations 

The VLEACH model incorporates three major processes into contaminant fate and 
transport calculabons Contaminants in the liquid phase are subject to downward advecbon via 
leaching vadose zone pore water, contaminants in the soil gas are subject to gas diffusion, and 
the mass of contaminants present in each phase (including the solid soil matnx) is re-equilibrated 
between each phase based on the given distnbubon coefficients, assuming instantaneous 
equilibnum All of these processes are affected by both the physical and chemical charactensbcs 
of the OU4 site as well as the modeled contaminants themselves The followmg is a summary 
of the key equabons mcluded in the VLEACH model code to approximate changing contaminant 
concentrabons under the influence of leaching processes over bme Table IV 10-9 summmzes 
the vanables used in the following equabons 

Downward Advection 

Downward advecbon of contaminants through vadose zone soil is dnven by the flux of 
recharging ground water Mass flux due to downward advecbon of recharging ground water can 
be descnbed by the following partral differenhal equation 

Within the numencal VLEACH model code, however, this part~al differenhal equahon 
is approxlmated by the following finite difference equabon, which considers the asyrnmetnc 
nature of advecbon 
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TABLE IV.10-9 
DEFINITIONS OF VARIABLES USED IN LEACHING EQUATIONS 

M T  = Total mass of contaminabon m model cell [M3 

. AZ = lhclrness of cells rn VLEACH calculabons &I 
n = Total porosity of soil [dimensionless] 

9 = Water-Nled porosity of soil [dimensionless] 

Pb = Bulk density of soil [L3’M3 

KD = Disttrbuuon coefficient for soil-water parbtroning flM/L3] 

K H  = Henry’s constant for ar-water partmoning [dimensionless] 

c, = Contammant concentrabon in sorbed phase [MIL3] 

Contaminant concentrabon in liquid phase w/L3] = 

II c, = Contaminant concentrabon in gas phase W/L3] 

II c, = Contanunant concentrabon in infiltratmg water [M/L3] 

C- = Contanunant concentrabon in water in bottom cell w/L3] 

CN- = Contaminant concentrabon in water in bottom cell w/L3] 

CATM 

c, 

fa = Fracbon organic carbon in soil [dimensionless] 

K, = Organic carbon parmon coefficient [L/M3] 

D = Effecbve diffusion coefficient rL2/Tl 

= 

= 

Contaminant concentrabon in atmosphenc a r  above soil surface [M/L3] 

Contaminant concentrabon in ground water (with respect to gas phase 
exchange between water table and vadose zone NIL3] 

D*IR = Free a r  diffusion coefficient [L2/T] 

9 = Darcian flux of percolabng water [W?) 
In finite difference equabons 

Ct: At 

C = 

t + At = 

1-1 = 

Refers to concentrabon of gas or liquid, depending on the equabon [M/L3] 

Refers to the ume step at which the concentrabon is calculated 

Refers to the cell number in which the concentrabon is calculated 
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The concentrahon of a contammant within each mdividual cell whch compnses a defined 
polygon is a,culated using this equahon These equahons are then solved simultaneously usmg 
the Thomas algonthm The mass flux from ground surface to ground water is then computed 

* 

Gas Diffusion 

Diffusion of contaminants mto the soil gas phase is given by the followng partd 
differenhal equahon (Fick's Second Law) 

As with the downward advechon equahon, the VLEACH model code approximates this 
pmal  differenhal equahon using the following finite difference equahon 

+ A t  
L -' D + A t - 2 8 + A t + d + A t j  
A t  l=-(dl-l ( A z ) ~  1 1+1 

The mass flux due to gas diffusion from ground surface to ground water is then computed 
using the following flux equahons 
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Equfibration Amongst Phm .. 
The VLEACH model esbmates the concentrabon within each phase by solving several 

mass parbboning equabons simultaneously These equahons couple chemical-specific 
chmcknstxs with site-specific condibons to eshmate the mass and concentrabon of contammant 
within each phase at each discrete hme step The following equabons are solved concurrently 
to eshmate the concentrabon of each modeled contaminant within the soil gas phase, the pore 
water phase, and the solid soil phase, respectively 
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The VLEACH model output reports the change in mass within the defined vadose zone 
profile and the cumulabve mass flux to the ground water due to downward advechon and gas 
diffusion 

@ 

IV.10.4.3 Physical Input Parameters for VLEACH 

The followmg discussion bnefly descnbes the soil properhes, site properhes, and other 
model parameters used to simulate downward migrahon of contaminants m unsaturated sods 
using the VLEACH model Input parameters used in the VLEACH modeling effort are related 
to site-specific properhes that define the extent of site contaminahon, and the physical condibons 
at OU4 These properhes influence the behawor of the modeled contaminants Note that some 
site-specific model mput parameters are based on avadable data from the OU4 RFI/RI program 

The VLEACH model was configured to simulate leaching from one "polygon" withm the 
boundanes of OU4 This polygon was represented by a verhcal stack of leachmg cells that 
extend from the top of the final engineered cover to the mean seasonal high ground water 
elevahon for the final engineered cover scenano For the no acbon scenano, the polygon 
extends from the top of the liners as they exist today to the mean seasonal high ground water 
elevahon The polygon includes the general site of the preferred IM/IRA final engineered cover 
The areal extent of this polygon is therefore approximately 499,452 square feet 

The VLEACH model code was used to assess potenbal adverse impacts to ground water 
quallty due to leaching of contaminants from unsaturated soils Contaminant concentrabons and 
depth to ground water are defining charactensbcs of the polygons used in the VLEACH model 
simulabon runs These charactensbcs define the number and nature of the verhcal stack of cells 
within the polygon By definibon, the number of cells within the polygon mulhphed by the 
height of each mdividual cell is the depth to the piezornetnc surface within the polygon The 
depth to ground water for VLEACH modeling purposes was esbmated at 27 feet (top of the final 
engineered cover to the mean seasonal high ground water elevabon) for the recommended cover 
scenano (10 feet clean sod, 14 feet of waste zone, and 3 feet of subsurface dmnage layer) 
The depth to groundwater for the no achon scenano was eshmated at 11 feet (1 foot h e r  and 
10 feet of vadose zone soil) Each polygon was then defined by a stack of verhcal cells of 
height one foot so that the total combined height of the cells equaled the esbmated depth to the 
piezornetnc surface (seasonal high ground water elevabon) for the polygon 

Given the lack of site specific Kd values (which mathemahcally descnbes the extent to 
which an analyte sorbs to some other matenal, usually the solid soil matnx), values were based 
on literature informabon, as descnbed in the notes of Table IV 10-10 I<d values govern the 
concentrabons at which contaminants leach from the consolidated contaminated matenals beneath 
the final engineered cover Solubility limits were also extracted from the literature as descnbed 
m Table IV 10-10 Recharge rates under both the no achon and the proposed final engineered 
cover were defined by the output from the HELP model descnbed in Secbon IV 3 1 1 The 
following site condihons were incorporated into the model 
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TABLE IV 10-10 
MODEL CHEMICAL SPECIFIC INPUT PARAMETERS 

~ ~~~~~ ~~~ 

Arsenic 3 '  2 4 mg/L 

Cadrmum 6'  0 2 mg/L 

Chromium 40 ' O 7 mg/L ' 
Nitrate as N O b  113OOO mg/L 

Am-241 1 0 0 "  1 4E3 pCl/L 

U-235 40 " 1 5 pCl/L 

Pu-239/240 43 5 3 pCl/L 

Contaminant I- - - - I  Kd Solubility 
Limit 

a Taken from Looney et al (1987) Estimation of Geochemical Parameters for Assessing 
Subsu@ie Transpon at the Savannah River Plant, E I du Pont de Nemours & Co , 
Savannah Rwer Laboratory, Aiken S C , DPST-85-904 

"This is the recommended value for K, Note that the actual K,, value may differ 
significantly for this number depending on the chemical form(s) (species) which are 
present The value given IS based on the predominant form expected (or the most mobde 
form if it compnses a significant fracbon) All results should be reviewed on a site 
specific basis to detemne the magnitude of possible error due to unusual condibons such 
as hgh ligand concentrabon, very high or low pH, low exchange capacity m sod, or very 
high or very low Eh Low concentrahons of some consbtuents may be overlooked if a 
mobde species consbtutes a small frachon of the total mass " 
Nitrate is assumed to be totally conserved, i e , to be completely non-reacbve with 
respect to the solid phases of the soil 
Taken from Miner et al , (1982) Plutonium Behavior in the SoilfWater Environment, 
Rockwell Intemahonal, Rocky Flats Plant, Golden CO, RFP-2480, UC-70 Nuclear Waste 
Management, DOWTIC 4500 (Rev 69) Value represents lowest found for three 
Colorado DOE site soils 

b 

C 

Notes for solubility limits 

1 Based on CdCO, I and [CO?-] = 1 mg/L as suggested by Part 11 - RFI/RI (Feb 15, 
1994), Part I1 3 3 6 6 (Column Leaching Tests) Assuming yM = 0 584, y,rT = 
0 599, and CdT * 2 x (Cd") 
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Figure IV 10-10 (contmued) 

2 Based on NaN03 solubdity (65 g/lOO cc) Nitrate should be considered effecbvely 
mfinitely soluble because of the low relahve abundance of cahons avadable to form 
specific mtrate salts Most concentrated observed pore water is undersaturated with 
respect to NaN03 
Based on AmOHC03 and Am2(CO3), 2H20 Source Tnay (1991) Radzochzm Acta, 
52/53, 141 
Based on solubility of UQC03 as modeled by SOLMIN88 in pore water frm borehole 
BH40456AE (UT) allocated to isotopes according to observed proportion (U-233/234 U- 

Value represents the highest observed OU4 groundwater concentratton of Pu-239/240 
No reliable solubility limit is avalable 
Based on solubility of Cr(OH)3 under moderately oxidizing condittons at neutral pH 
Source U and Zachara (1984) Chemical Attenuation Rates, Coeflczents, and Constants 
in Leachute Mzgratzon, Vol I A Cntzcal Rewew, Batelle, Pacific Northwest 
Laboratones, EPRI EA-3356 
Based on solubility of scorodite (FeAsO, 2H20) at neutral pH Dove and kmsbdt 
(1985) The solubibty and stability of scorodzte, FeAsO, 2H20 Am Min , v 70, 838- 
844 

e 
3 

4 

235 U-238 - 1 0 1 1) 
5 

6 

7 
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Area 499,452 ~q ft , 
Cell height one foot, 
Bulk Density of soil 1 7 gramdcubic cenbmeter, 
Total effecbve porosity 0 370, and 
Volumetnc water content 0 24 
Rechargerate 
1,OOO year final engineered cover (normal condihons) - 0 0068 idyr 
1,OOO year final engmeered cover (300% increaSe m precipitabon) - 0 0075 in/yr 
1,OOO year final engineered cover (100-year storm event) - 0 0071 in/yr 
No acbon - 3 96 m/yr 

IV.10.4.4 Modeled Contaminants 

All contaminants were considered for inclusion in the modehng effort COCs were 
calculated based on surface and vadose zone soils, and were not calculated for hers, sludge and 
pondcrete Therefore, those contaminants not hsted as COCs but exhibitmg lugher contarmnant 
concentrabons m hners, sludge and pondcrete than in soils were included m the modehng 
exercises This was performed to evaluate potenbal groundwater impacts due to consolidabon 
of hers, sludge and pondcrete in addibon to surface and vadose zone soils beneath the fmal 
engineered cover 

Potenbal contaminants to model were also screened on the basis of their physical and 
chemical properbes that may enhance or inhibit downward migrabon through unsaturated sod 
Mobihty, source concentrabon, toxicity and data avalability were factors used to determine 
whether a specific analyte should be included in the VLEACH model to esbmate downward mass 
flux into ground water over hme Seven contaminants were chosen to evaluate the potenhal 
impacts to ground water quality The contaminants that were modeled were the radionuclides 
Americium-241, plutomium 239/240, and uranium-235, the metals cadmium and chromium, and 
the inorganics nitrate, and arsenic 

IV.10.4.5 Chemical Input Parameters for VLEACH 

Once the contaminants to be included in the models were idenbfied, several chemical- 
specific charactenshcs which define the analyte’s ability to pmbon amongst phases were 
defined based on empmcal data in the literature and some site-specific calculabons Each of 
these charactensbcs descnbes the behavior of the assumed chemical species in quesbon The 
free au diffusion coefficient 0,) and Henry’s Constant (KH) govern how readily the 
contaminant species pmhons into soil gas The distnbution coefficient for soil-water 
pmboning (Io or the fracbon organic carbon in soil (fW) and organic carbon pmbon 
coefficient (Koc) define how the contaminant partitions into the solid soil medium (e g , governs 
adsorpbon) Given the lack of site-specific & measurements, & informahon was based on 
literature values Table IV 10-10 summmzes the chemical-specific charactensbcs used in the 
VLEACH model for each of the modeled contaminants 
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The distnbubon of modeled contaminants within each vertxal cell of the polygon was 
also incorporated mto the VLEACH model The concentrabons of each modeled analyte was 
calculated from a weighted volumetnc average of mean surface soil, vadose zone sod, her ,  
sludge, and pondcrete concentrabons Based on volumetnc esbmates, the waste mne will be 
compnsed of 3% sludge, 5 2% surface soils, 6 1 %  pondcrete, 7 2% liners and 78 5% vadose 
zone soils Waste zone analyte concentrabons are presented in Table IV 10 11 

The cells represenbng the final engineered cover or first ten feet withm the model were 
assumed to have contammant concentrabons of zero The next 14 feet were modeled as the 
waste zone with contaminant concentrabons as presented in Table IV 10 11 The subsurface 
dramage layer was assumed to extend 3 feet beneath the waste zone with contaxrunant 
concentrabons of zero 

Results from VLEACH sirnulabon runs demonstrate whether significant concentrabons 
of modeled contarmnants are capable of leaching from contaminated, unsaturated soils and to 
what degree natural attenuabon processes effecbvely preclude downward migrabon into the 
ground water It should be noted, however, that VLEACH has only the capability to simulate 
advecbon Molecular diffusion and dispersion are not considered in the computer code and tend 
to govern transport when infiltrabon rates are very low, as is the case with the rates through the 
final engmeered cover 

The VLEACH model was run for a 1 ,OOO-year lifecycle with results evaluated at ten year 
intervals, predicbng leaching acbvibes for the entire lifecycle of the 1,OOO-year performance 
cntena The maximum contaminant concentrahon dunng the 1 ,OOO-year lifecycle was converted 
to a depth averaged concentrabon in five feet of ground water directly beneath the final 
engineered cover The effects of verbcal mixing within the unconsolidated matenal above the 
weathered bedrock (I e , Rocky Flats Alluvium in the area of IHSS 101) are therefore accounted 
for in the modeled results 

The output from VLEACH indicated contaminant concentrabons directly beneath the final 
engineered cover did not exceed ground water protecbon companson cntena for the three 
scenanos including the final engineered cover as shown on Table IV 10-12 Modeling results 
under the no acbon scenano suggest, however, that downward leaching of several contaminants 
into ground water is a significant contaminant transfer mechanism at the site Plutonium 
239/240, arsenic, cadmium, and chromium have exceeded ground water companson cntena at 
the POC for the no acbon scenano 

IV.10.4.6 Vadose Zone Leaching Model - VSZDT 

The VS2DT (Vanably Saturated Porous Media, Contaminant Transport) computer 
code/model will be pnmanly used as a tool for design of the contaminated matenal consohdabon 
and the final engineered cover VS2DT-based modeling results are also expected to confirm or 
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validate the results of the VLEACH-based modeling, which are presented m Secbon IV 10 4 of 0 this document 

Many factors can potenbally influence the long-term performance of the contaminated 
matenal consolidahon and final engineered cover including, for instance, size, shape, height, 
and water-bghtness of the final engineered cover, placement of the matenals, and compacbon 
of the matenals VS2DT incorporates mathemabcal models which address these items and allow 
the design team to perform sensibvity analyses, i e , to quanttfy the impact of changing one or 
more of the above parameters on the overall performance of the whole system 

In the case of the proposed IM/IRA, the conceptual model for a release mcludes mmor 
but fimte percolabon of normal precipitabon through the final engmeered cover and the eventual 
exlt of moisture through the subsurface dmn which underlies the consolidated contaminated 
matenals As the moisture passes through the consolidated matenals, it will have an opportunity 
to acquire contaminants and thus convey them to the outside of the system Upon exlttng the 
subsurface dram, contaminated moisture could enter the ground water system and potenbally 
gam access to the surface environment Mathemahcal expressions are avadable which descnbe 
the movement of moisture through unsaturated layered matenals compnsing the final engineered 
cover, the contarmnated matenals consolidated beneath the final engineered cover, as well as 
flow through the underlying saturated ground water zone In addibon, vanous equahons, based 
on empmcal data, may be used to descnbe the complex transfer of contarmnants from the 
consolidated matenals to the downward-migrabng moisture Site-specific chemical and physical 
mformabon is required for each layer of the consolidated matenals to serve as input parameters 
for these equabons 

Several industry-accepted computer codes are avalable, each of which considers specific 
aspects of the overall model for moisture movement in the consolidated contaminated matenals, 
the final engineered cover, and in the saturated subsurface Applicable codes include HELP, 
VLEACH, MYGRTm, and VS2DT No one code is currently sufficient to model all the aspects 
of the engineered system, and the appropnate combinabon of codes changes as the goals and 
requirements of predicbve modeling change VLEACH results have been used m conjunchon 
with HELP to demonstrate overall protecbveness of the system assuming a worst-case scenano 
Final design specificabons and quantitabve environmental impacts will emerge from modeling 
based on the applicabon of VS2DT in conjuncbon with HELP and VLEACH The HELP and 
VLEACH codes have been descnbed previously The VS2DT code is bnefly descnbed below 

VS2DT (Version 2 0) was developed by the U S Geological Survey and predicts the 
extent of contaminant leaching from a volume of unsaturated porous matenal Relabve 
to VLEACH it is a sophisbcated two-dimensional, mulb-layer, vanably saturated code 
that uses I(d (or more complex) coefficients to calculate contaminant concentrattons m 
downward-percolabng moisture The significant advantage of this code over VLEACH 
is that it allows individual layers of consolidated contaminated matenals to be 
differenhated and for site-specific and matenal-specific parameters to be assigned to each 
layer In addibon to allowing a more quanbtabve predichon (not just the "worst-case") 
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of leachate quallty and quanbty, VS2DT has the capability of facilitatmg design demls 
such as the best placement of vanous matenals beneath the final engineered cover 
VS2DT will provide support to engineenng the consolidated contaminated matenals 
Senabvity analysis will be performed on physical charactensbcs such its porosity and 
moisture content to establish the level of compachon that will be specified dunng 
construcbon Predicbons from VS2DT will also serve to validate the previous VLEACH 
results 

All models and computer codes require input parameters that are specific to the site, 
matenals, and condibons These requirements become more stnngent as the complexity of the 
model and code increase and as the expectabons of model output increase VS2DT is intended 
to consider more dews of the matenals that will be consolidated beneath the final engmeered 
cover and wdl be used as a design tool dunng the Title II design Required physical and 
chemical parameters wdl be determined on all disbnct waste form layers to be consohdated 
beneath the final engineered cover An iteratrve modeling/desIgn approach will be employed to 
ensure the opbmal design of each waste form for its placement beneath the final engmeered 
cover 

IV.10.5 Surface Water Quality 

The preferred IM/IRA actwibes at OU4 would not be expected to adversely affect surface 
water quabty either in the short-term or long-term Short-term protechon of surface waters 
adjacent to OU4 (North Walnut Creek) is ensured since the existmg ITS is not expected to be 
affected by the installabon of the final engineered cover Runoff will be prevented from 
impacbng North Walnut Creek as the ITS will contmue to collect and divert runoff to the three 
surge tanks (located north of OU4) for subsequent treatment However, in the unhkely event 
that the ITS should fad to capture and divert runoff, one of the most significant sources of 
contammated runoff water could be the seep areas north of the SEPs The preferred IM/IRA 
includes the removal of contaminated soils that could potenbally be flushed by a highly elevated 
ground water elevabon and placement of a subsurface dmnage system in the excavated zone 
The excavated contaminated soils would then be placed above the subsurface dmn This 
measure ensures that even in the conservabve case of unprecedented ground water elevabon, 
soils would not contact ground water, thus, the potential for COC mobilizabon by this route 
would be eliminated Adverse impacts to South Walnut Creek would be mibgated by providing 
adequate stormwater management controls etc dunng construcbon and other acbvibes related 
to the IM/IRA implementabon 

Long-term protechon is ensured since the preferred IM/IRA final engineered cover will 
minimize precipitabon infiltrabon from contacbng contaminants and will incorporate surface 
dmnage features to prevent run-on/run-off and to provide erosion control (see Secbon IV 3 1) 
The preferred IM/IRA will ulbmately result in a decrease in the nsk of contaminants reaching 
surface water by eliminabng the possibility of precipitabon run-off contacting contaminated soils 
As previously discussed, contaminant mobihzabon via ground water elevabon would also be 
precluded by the installment of the subsurface dmn above the ground water elevabon 
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The no acbon alternabve will contmue to allow precipitabon to contact contammated 
surface sods and percolate mto the surface and vadose soils and thus fad to prevent 
water/contarmnant contact m both the short- and long-term Precipitabon may cause surface 
water degradabon by runoff discharging into local streams The no acbon altemabve will not 
prevent nsmg ground water from contacting contaminated subsurface soils Simple numenc 
catastrophic dissolubon calculabons were used to determine the threat of contanunated sods to 
ground and surface water (see Appendix I11 D for modeling results) The catastrophc 
calculabons were based on a hypothetml ground water elevabon that could nse to contact and 
flush contaminated soils left in place allowing for COC mobilizabon These results suggest that 
the potenhal exlsts for mcremental increases rn concentrabons of COCs in ground water In 
turn, this ground water could affect local surface water via seeps or direct ground water 
discharge 

@ 

The U S Army Corps of Engineers performed a wetlands assessment in 1994, and 
dehneated three small wetland areas along the intersecbon of the piezometrrc surface with the 
topographic surface in OU4 where there are groundwater seeps A map showing the small 
wetland areas is provided in Part I of this document It should be noted that these areas will be 
protected dunng the Phase I IM/IRA construchon acbvibes by silt fences and haybales since they 
are outside of the areas that wlll be remediated However, they may be impacted by the Phase 
I1 program The DOE is plannmg to establish a wetlands banlung program in Bear Creek State 
Park Through this program, the DOE will provide a new wetland area withm the park to 

sum of the WETS impacted wetlands The 0 12 acres of OU4 wetlands will be included in the 
wetlands banlang program It is expected that clean fill and other matenals for the final 
engineered cover would not be extracted from sensihve wetland areas Therefore, the preferred 
IM/IRA acbon would have no effect on wetland resources outside the WETS OU4 area, and 
effects on wetlands within the OU4 area will be mitigated through the wetlands banlang 
Program 

, replace those that are impacted at the WETS The new wetlands bank wdl be larger than the 

Implementabon of the preferred IM/IRA would have minimal impact on flood plms 
The closest 100-year flood plan to the SEPs is a minimum of approximately 600 feet to the 
northwest and would not be m the zone of influence of the final engineered cover Clean fill 
matenal excavated for covenng pofions of OU4 would not be taken from sensibve areas such 
as flood plans within the WETS 

The decontaminabon and demolibon of Building 788 located on the berm between SEP 
207-A and SEP 207-C is not anbcipated to have adverse impacts to local surface water Based 
on the distance from 788 to the closest stream and a r  dispersion modeling conducted in Secbon 
IV 10 3, it is predicted that the enbre release of the 788 hazard consbtuent inventory to the 
environment would be neghgible compared to existmg site media concentrabons The modelmg 
concludes that the demohbon of Building 788 presents no significant mcreaw in the overall 
carcinogenic or toxic nsk to any potenbal human receptors All building removal acbvibes will 
preclude the release of the inventory to the environment since treatment, including size 
reducbon, of contaminated equipment will occur in conmned areas Secbon IV 3 2 1 of the 
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0 IM/IRA Decision Document discusses building removal procedures and contammabon control 
measures Ground water would not be expected to be adversely impacted by the removal of 
Building 788 

Although no modelmg was conducted pursuant to Budding 964, it is assumed that the 
demohbon of the facility presents no significant increase in the overall carcinogenic or toxic nsk 
to any potenbal human receptors All building removal acbvibes will preclude the release of 
any residual contaminabon present to the environment since treatment or decontaminabon (if 
requued), including srze reducbon, of contaminated rubble will occur in contaured areas 
Secbon IV 3 2 of the IM/IRA Decision Document discusses building removal procedures and 
contaminabon control measures Ground water would not be expected to be adversely impacted 
by the removal of Bullchg 964 

IV.10.6 Impact from the Commitment of Irreversible and Irretrievable Resources 

Pursuant to the DOE NEPA regulabons (10 CFR 1021) requmng discussion of 
irreversible and irretnevable commitments of resources, the preferred IM/IRA would not be 
expected to result in substanbal loss of valuable resources However, all of the matenals for 
the construcbon of the final engineered cover will be irrevocably and irretnevably committed 
to the implementabon of the remedial acbon Energy resources consumed dunng the 
construcbon penod would also be metnevable but small compared to consumpbon due to datly 
acbvibes at the WETS 

There appears to be no commercially exploitable metallic mineral resources in the WETS 
secunty zone (FEIS RFP, 1980) Unmined uranium reserves (from the Schwartzwalder uranium 
mine) are located 4 miles southwest of the RFETS but future mining operatlons would not be 
impacted by WETS remedial acbvibes 

Other resources that have been developed in the vicinity of the WETS, such as sand, 
gravel, crushed rock, and coal, would not be expected to be impacted by the preferred IM/IRA 
acbon due to the small area involved (less than 30 acres) Quarrying operabons (sand, gravel, 
and crushed rock) do exist locally, some even in the WETS buffer zone, but, with the esbmated 
mllhons of cubic yards of unmined sand and gravel avarlable in the Golden quadrangle there is 
little potenbal for the OU4 IM/IRA acbon negatlvely impactlng the industry (FEIS RFP, 1980) 
Although coal was mined histoncally in the area between Golden and Boulder, no mining has 
occurred since 1950 For the same reasons as discussed previously, it is likely coal mining 
would not be impacted by the IM/IRA 

Implementabon of the preferred IM/IRA will however limit potenbal future land use 
opbons Due to the constructed cover and monitonng well requirements, commercial, industnal, 
and residenbal land use will be permanently prohibited on the final engineered cover It is 
assumed that grading and reseeding of the OU4 area will result in an acceptable appearance of 
the remediated site, consistent with adjacent lands Reseeding may promote normal ecological 
succession in the vicinity of the SEPs 
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The no achon altemahve would not be expected to negahvely impact energy or mineral 
resources Under the no achon altemahve it is reasonable to assume SEP land would contmue 
to have no substanhal ecological, economical, or recreahonal use Land withm OU4 but outside 
the SEPs IHSS is currently undeveloped and will remam so for the foreseeable future as part of 
the WETS The ecosystem in the SEPs area has been greatly disturbed over the past several 
decades and would remam inaccessible to most regional indigenous plant and wildhfe species 
In addihon to the plant species being disturbed by physical stressors, the vegetahon at the 
RFETS has been histoncally suppressed via rouhne herbicide treatments Generally, only first- 
succession plant species are present in the SEPs area 

@ 

IV.10.7 Natural Phenomena Hazards Mitigation 

This sechon discusses potenbal long term Natural Phenomena Hazards (") at the 
WETS and theu possible impact on the final engineered cover system NPH are acts of nature 
such as earthquakes, wind/ tornados, floods, precipitahon (ram or snow), volcamc eruphons, 
meteonte impacts, lightrung stnkes, extreme cold or heat, which pose a threat or danger to 
workers, the public, or to the envuonment by potenhal damage to structures, systems, and 
components (DOE Order 5480 28) An updated NPH evaluahon is required for structures at 
WETS by DOE Order 5480 28 

Secbon IV 1 2 (Classificahon of the Selected Altemahve) descnbes the ranlang process 
conbned in DOE Order 6430 1A and deslgnates the final engineered cover as a System 
Category 3 Using the Performance Category methodology conbned in DOE Order 5480 28, 
as outlmed m DOE-STD-1021-93, the final engineered cover is ranked as a Hazard Category 
2 (HC2) or Moderate Hazard (MH) Facility with an SSC Performance Category of 2 Cntena 
for NPH design input and NPH design cntena will be addressed dunng debled design efforts 

Damage from excessive snow loadings, lightning stnkes, tornado generated missile 
impacts, or meteonte impacts have been considered and are discounted, given that the proposed 
final engineered cover is a solid structure Externally generated falures (collapse by snow 
loadmg) or penetrabon of the facihty by tornado generated missiles is not probable Therefore, 
these NPH are not credible to plan for The final engineered cover would not be effected by 
a lightnmg stnke, excluding any electronic monitonng equipment that would be in place dunng 
the first 30 years of its operahon The probability per year of a meteonte impact at a plutonium 
storage facility at WETS has been computed to be approximately 8 88 x lo', or less than once 
in a million years (Selvidge, 1977, in Rockwell, 1981), thereby nullifying this event as credible 

The most recent volcanism in Colorado occurred near Dotsero, about 120 miles west of 
Rocky Flats Using the carbon-14 method, the U S Geological Survey esbmates this small scale 
basalt flow erupbon occurred 4,150 (+/- 300) years ago (DOE, 1981, Tweto, 1980) No NPH 
effects from this localized volcanism can be idenbfied at WETS The last major volcanic 
erupbons in Colorado had ceased by the end of the Miocene Epoch (- 5 milhon years before 
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present), thus nearby volmsm can also be discounted as a credible NPH at RFETS (DOE-STD- 
3009-94) 

Temperature vanahons at RFETS can be quite extreme Temperatures of greater than 
100 degrees Fahrenheit have been recorded dunng the months of July and August, while 
temperatures below -20 degrees Fahrenheit have been recorded dunng the months of December 
and January These temperature extremes will have no effect on the proposed final engineered 
wver 

Other NPH events, such as glacial achvity, occur on hme scales measured in tens of 
thousands of years and are not instantaneous Therefore, the 1,OOO-year design life of the 
engineered cover wdl not be impacted by a glacial event Re-achvahon of alluvlal fan 
deposihonal processes along the front range, through glaciahon or a dramahc climahc change, 
would not affect the WETS or the Rocky Flats vicinity This is due to the fact that when the 
Rocky Flats Alluvium was being deposited, and when Coal Creek Canyon was being excavated, 
the watershed for Coal Creek Canyon and the Rocky Flats area was much larger Headward 
erosion by South Boulder Creek (to the north), Ralston and Clear Creek (to the south), have 
captured much of the dramage basin that formally contnbuted to the Coal Creek CanyodRocky 
Flats watershed Presently, Coal Creek dmns a smaller watershed than it did at the hme of 
Rocky Flats Alluvium deposihon Therefore, if a substantd source of addihonal water became 
avadable (as compared to the present), the volume of water and debns is unlikely to be sufficient 
to re-inihate Rocky Flats Alluvium scale alluvial deposihon 

W.10.7.1 Effects of Wand 

McDonald (1985) and Fujita (1978) established frequency of Occurrence relahonships for 
"fastest-mle wind speeds" at RFETS using stat~shcal analysis of site-specific peak gust velocihes 
for the penod 1964 through 1976 The "fastest-mile wind speed" is the average speed of one 
mile of atr passing an anemometer located 30 feet above the ground Peak gust velocihes are 
approximately 1 25 hmes greater than "fastest-mile wind speeds", which are also referred to as 
"sustamed" wrnds (EG&G, 1994, McDonald, 1985) The current Design Basis Wind cnknon 
(UCIU-15910 DOE, 1990, DOE 6430 1, 1983) for a high hazard facility is 161 mph sustamed 
winds at a frequency of occurrence at 10"/yr, or 10,OOO year return penod 

The proposed final engineered cover is not a high hazard facility, and the structure would 
not be adversely affected by susmned winds of this magnitude or frequency High winds do 
have the potenhal to increase the rate of erosion, but will not cause an instantaneous fatlure of 
the final engineered cover The design of the final engineered cover includes a surface 
vegetahon layer with pea gravel, which is expected to significantly reduce erosion from wind 

IV.10.7.2 Effects of Flooding 

The watershed up-gradient of Rocky Flats is small and RFETS is protected by a diversion 
canal west of the site The developed areas of WETS all lie considerably above modern s t r m  
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dmnages and display good dmnage charactensbcs (1 e storm drams and canals have been 
designed and constructed to accommodate runoff) There are no dams or tnbutary streams that 
would cause flooding at WETS if they faded or overflowed (EG&G, 1994, Rockwell, 1981) 

0 
Annual precipitahon at WETS is generally light, averaging approximately 15 inches 

The maximum yearly precipitabon recorded over a 24 year penod (1953 through 1976) was 
24 87 inches in 1969 The maximum amount of precipitabon over a 24 hour pen4 was 6 53 
mches in May of 1876 When taken together, the hydrological data indicate that the engineered 
cover will not be flooded by a postulated ate-specific 100-year storm event (EG&G, 1994, 
Rockwell, 1981) However, pomons of the ITS proximal to North Walnut Creek, do he in the 
100-year storm event floodplam (EG&G, 1992a) 

N.10.7.3 Effects of Earthquakes 

In order to define a seismic hazard (damage to structures by earth vibrabon) for the final 
engineered cover at WETS an esbmated earthquake hazard must first be established Defining 
an earthquake hazard is dependent upon many vanables Some of the most cnhcal relabonshps 
to ascerkun have been discussed by Coats and Murray (1984), Blume & Assoclates (1974), 
Boore and Joyner (1978), Knnitzsky (1981), Hays (1980), Nuttli (1972, 1980), Algermissen 
(1969, 1976), dePolo and Slemmons (1990), and many others In summary, these relabonships 
include 

1 The presence or absence of idenbfiable faults capable of producing earthquakes, and the 
actmty or frequency of movement along these faults, 

2 measured or esbmated maximum magnitudes and intensibes for potenhal earthquakes, 

3 the boundaries for zones of seismic activity in which maximum earthquakes are assigned 
and floated (attenuated or amplified) throughout other zones, 

4 the peak, near, and far field mobons (accelerabon, velocity, displacement, durabon, 
predominant penod) that are associated with postulated earthquake events, and 

5 the effects (amplification, scattering or absorptron of energy) that site charactenstrcs (soil 
composibon and thickness, bedrock, water table, topography, etc ) have on the resultant 
ground mohons from an earthquake 

In order to esbmate these vanables and their effects on the OU4 final engineered cover, 
the following secbons present data on the location of faults proximal to WETS, the measured 
magnitudes and intensibes of earthquakes that have occurred within lOOkm of WETS dunng the 
last 123 years, eshmates on frequency of earthquake occurrence and associated intensihes, 
esbmated near source earthquake ground mobons, and attenuabon of ground mobon parameters 
from a far-field source The effects of site charactensbcs (item number 5 ) cannot be addressed 
without site specific field data which is presently unavalable The end result of explonng these 
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parameters (items 1 through 4 ) is to gam an eshmate on the probable force, or energy, the 
OU4 final engineered cover would need to be designed for in order to remam intact dunng a 
near- or far-field earthquake 

The standard procedure (DOE-STD-1022-94) for assigning the ground mohons that are 
appropnate for any given site combine the state of theoretml knowledge with the state of 
engineemg prachce However, seismic hazard analysis is limited by the following 

0 The paucity of strong ground mohon records for large earthquakes, parbcularly in 
Colorado where no large (magnitude (M) > 6) earthquakes have occurred recently (last 
80 years, or since seismographs have been avadable to measure strong ground mohons), 

the hmted geologic and seismologic data near causahve faults (faults that are capable of 
conduchng movement along their traces within a relevant hme frame), and 

the spread (types of data, method and area in which it was gathered) m the avatlable 
data 

Acknowledging these deficiencies, the seismic hazard analysis presented in this sechon 
is based upon data from the Nahonal Earthquake Data Base (NOAA, 1994) This data source 
is the most widely used and accepted for seismic hazard analysis 

This analysis is predominantly determinishc, or poissonian with respect to the vanable 
of hme The determinishc empincal relahons presented work under the pretense that in any 
penod of hme there is the same probability that a large earthquake will occur A determinishc 
approach assumes that an earthquake of a given eshmated magnitude or intensity can occur at 
a certam locahon (Sechons 10 7 3 1 ,  and 10 7 3 2) The eshmated ground mohon resulhng 
from the postulated earthquake is then attenuated from the source to the site (Sechons 10 7 3 4, 
and 10 7 3 5), and finally the effects of the earthquake are determined for the site (Sechon 
10 7 3 6), in this case the OU4 final engineered cover 

Probabilishc determinahons consider the effects of hme, or account for stahshcal 
parameters that consider an earthquake is more likely to occur the longer the hme elapsed since 
the last major earthquake The probabilistic approach, quantifies the uncerkunty in the number, 
size, and locahon of possible earthquakes (Coats and Murray, 1984) The results of regional 
probabalishc determinahons by other authors are presented (Sechon IV 10 7 3 3, Intensity and 
Frequency Relahons for the Rocky Flats Seismic Zone) in order to give the reader a sense of 
the frequency earthquakes of a given magnitude are likely to occur in the seismic zone where 
WETS and the OU4 final engineered cover are located 

A probabalishc seismic inveshgahon was conducted at the WETS in 1974 (Blume and 
Associates, 1974), however due to the conhnued acquisihon of geologic data this report is 
considered out of date DOE Order 5480 28 requires a revaluahon of seismic hazards at DOE 
sites every 10 years Therefore, as a component of the Systematx Evaluahon Program, a 
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Seismic InvesQgaQon Program is being carrred out by EG&G The results of this mvesbgabon 
should be avadable in early 1995 

Identifiable Faults CaDable of Producinp Earthauakes Near RFETS 

An earthquake is created by some disrupbve event such as the release of naturally 
accumulated stram by fadure along fault planes, explosion, or an art~ficial s m n  release by 
lubncabon of fault planes resultmg from deep well fluid mjecbon The source mechmsm of 
an earthquake is difficult to idenbfj based on current detecbon capabllihes 

Many smaller faults may occur between major faults and can be difficult to idenhfj or 
charactenze with respect to seismic hazard Many of these smaller faults have no surface 
expression and/or are difficult to idenbfy as acbve "Floabng" or "random earthquakes" whch 
represent the earthquake hazard associated with background seismicity, and commonly not 
related to specifically idenQfied faults, can pose significant hazards and typically have 
magnitudes in the range of 2 to 6 5 associated with them (dePolo and Slemmons, 1990) An 
example of this type of acbvity O C C U K ~  as recently as December 25, 1994, along a fault 
thought to extend approximately from Castle Rock, to Lakewood, Colorado l h s  event had a 
local Rxhter magnitude of 4 associated with it (Denver Post, Rocky Mountan News, 12-26-94) 

Several faults are known to exist in the vicinity of Rocky Flats (EG&G, 1992b, EG&G 
1991, Van Horn, 1976, Blume, 1974, Spencer, 1961) However, to date, none of the faults 
inveshgated have been found to be capable according to the guidelines in DOE-STD-1022-94 
(movement within the last 1 million years, displacing alluvial sediments), albeit all the known 
or inferred faults have not yet been charactenzed or inveshgated 

A search in the immediate Rocky Flats vicinity for surficial and near subsurface 
physiographic features associated with acbve faulbng was conducted by EG&G in 1993 and 
1994, Dames and Moore (1981) and Blume and Associates (1974) The earlier reports (Dames 
and Moore, 1981, Blume, 1974) are now out of date but provide a basis for the more recent 
studies 

A summary of the invesbgabve methods and results of the sitewide geologic 
charactenzabon program and the 1993-1994 Seismic Investigabon Program (conducted as a 
component of the Systemabc Evaluabon Program), is provided in the Sitewide Geologic 
Charactenzabon Report (personal communicabon EG&G, 1995) The Sitewide Geologic 
Charactenzahon report descnbes the locahon of seven inferred shallow bedrock faults that 
extend to unknown depths These inferred faults trend north-northeast and are assumed to be 
high angle reverse faults The dip (angle by which a stratum or other planar feature deviates 
from the honzontal) of the fault planes is not yet known but are schemabcally shown on cross- 
secbons with a dip of 60 degrees Esbmated throw (verhxl displacement) on these faults vanes 
from 10 to 120 feet, heave (honzontal displacement) has not been esbmated, and lengths of the 
inferred fault traces vary from 1,OOO feet to almost 2 miles 
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Based on the results of the sitewide geologic charactenzabon program, a suspected fault 
of pnmary interest to the design efforts of the OU4 final engineered cover is esbmated to extend 
approximately 8,000 feet (- 1 5 mdes) from Woman Creek across OU1 and OU4 to McKay 
Ditch and is presumed to pass beneath the center of the 207-B senes SEPs Core samples from 
five boreholes provide geologic evidence supportmg the existence of this fault The capablllty 
of this inferred fault is not yet known An approach for confirming the presence or absence, 
and nature of this geologic feature is broadly outlined in Secbon IV 10 7 3 7 

Two addibonal inferred faults are of interest to the OU4 final engineered cover design 
effort The western fault was 
mvesbgated through trenching and borehole installabon acbvibes and was not found to be 
capable (movement w h  the last one mlllion years) The locabon of the eastern fault coincides 
with the "bedrock step" idenbfied in OU2 through shallow seismc-reflecbon and borehole data 
(EG&G, 1991, DOE, 1993) The top of bedrock surface drops approxlmately 40 feet in 
elevabon along a northeastern-southwestern stnlung zone less than one-quarter of a mile in width 
across this step The topographic surface in this zone does not mmor the bedrock elevabon 
change, suggestmg possible pre-, syn-, or post-Rocky Flats Alluvium displacement along the 
inferred fault trace Addibonal charactenzabon is necessary to determine the capabihty and 
nature of this fault Based upon results of trenchmg across the western fault, it should be 
assumed that the other inferred faults could be preferenbal pathways for groundwater and 
contarmnant migrabon (personal communicabon EG&G, 1995) 

These faults he to the west and east of OU4 respecbvely 

In Secbons N 10 7 3 4 and IV 10 7 3,5, empincal models are presented that esbmate 
ground mobon expenenced at RFETS from a proximal and a remote source, such as the faults 
descnbed in the preceding paragraphs and the Golden Fault southwest of Rocky Flats 
Attenuabng energy from the Golden Fault is modeled here to approximate a floabng or random 
seismc event, such as the Chnstmas day 1994 event which occurred along a previously unknown 
fault Thls is not to suggest that the Golden Fault is capable, albeit there is debate over the 
capablllty of the Golden Fault (Simon, 1969, 1972, Scott, 1975, 1960, Machette, 1978, Van 
Horn, 1976, Kxkham, 1977, Dames & Moore, 1981, and many others) The Golden Fault is 
used as a "model" floabng or random fault because its locabon and existence have been well 
documented and recent movement has been suggested by some invesbgators 

Measured Maxunum Magnitudes a nd Intensities 

Tables IV 10-13 and IV 10-14 summanze the earthquake magnitude and intensity data 
for the region within a 100 lulometer radius of RFETS respecbvely (NOAA, 11-1994) The 
NOAA data file contams records from November of 1871 to September 1990 (the last seismic 
event in the 100 km radial area through November, 1994) Included in the NOAA data are the 
earthquakes attnbuted to deep well injecbon at the Rocky Mountam Arsenal dunng penod 1962 
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TABLE IV.10-13 
SUMMARY OF EARTHQUAKE MAGNITUDE AND OCCURRENCE 

MAGNlTUDES 
(LOCAL) 

1 0 - 2 0  

2 0 - 3 0  

NUMBER OF 
EVENTS 

6 

137 

II 

I11 82 

- IV 69 

3 0 - 4 0  

VI 
VI1 

49 

32 

2 

II 
R 4 0 - 5 0  - 1  

~ 

37 

II 5 0 - 6 0  I 2 

TABLE IV.10-14 
SUMMARY OF EARTHQUAKE INTENSITY AND OCCURRENCE 

I 

NUMBER OF 

I ll I1 22 

II V 49 II 

through 1968 The NOAA data and Tables IV 10-13 and IV 10-14 contam events attnbuted to 
deep well injechon at the Rocky Mountam Arsenal (determined from purely temporal and spacial 
relahonships) because it is not possible to decipher syn- or subsequent natural events from 
arhficial ones 

A survey of the NOAA data reveals Modified Mercalli Intensity values (MM) ranging 
from 11 to VII (see Table IV 10-15 for a desmphon of MM Intensity values), and a maximum 
body wave magrutude (Mb) of 5 3, which was reported on August 9, 1967 The maximum body 
wave event O C C U K ~ ~  dunng deep well injechon operahons and its epicenter was within five miles 
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of the Rocky Mountam Arsenal The largest magnitude event that cannot be attnbuted 
(spacially) to pumping acbvibes at the arsenal had a body wave magnitude of 4 8 and occurred 
on September 14, 1965, southeast of Denver The greatest intensity event recorded in the 
NOAA data file that cannot be attnbuted to acbvibes at the Rocky Mountam Arsenal, is 
esbmated to have been an MM VII event (with an esbmated local Rxhter magnitude of 6 5) and 
is thought to have occurred in northwestern Colorado (NOAA, 1994, Dames & Moore, 1981) 

' * 
The dispanty between the number of recorded events in Tables IV 10-13 and IV 10-14 

is due to the lack of proximal modem seismic instrumentabon pnor to 1909 Further, the 
Modified Mercalli Intensity Scale is based upon what people felt and the associated damage to 
structures Modified Mercalli Intensity descnpbons and relabons to accelerabon and magnitude 
are presented in Table IV 10-15 If there were no people in the vicmity of an event to feel it, 
and/or no structures on which to gauge effects, no MM Intensity assignments can be made, even 
if modern seismc instrumentahon recorded an event 

The summanzed data in Tables IV 10-13 and IV 10-14 indicate that the most common 
events in the Rocky Flats area have a local (Richter) magnitude of between 2 and 3, and a MM 
Intensity of 111 The largest events observed or felt in this region had a local (Rxhter) 
magnitude of between 5 and 6, and an MM Intensity of VI1 Events of this level occurred twice 
dunng the bme penod of record 

mi Z n 

A histoncal magnitude-frequency model, a probabalisbc seismic source zone model, and 
a map depicbng the seismicity of a 100 square km area around RFETS based on the NOAA data 
are presented m this secbon 

e 

The histoncal-seismicity method uses earthquake magnitude-frequency relabons and can 
be thought of as a probabalisbc method (Gutenberg and hchter, 1942, 1956) It has been 
demonstrated by many studies that earthquake frequency for large regions can be represented 
by the following equabon from Rxhter (1958) 

log N = a - b M 
where 
N is the number of earthquakes of magnitude M or greater per unit time 
a is the seismicity index, determined from least squares analysis for an area and is 

dependent upon the size of the geographic area, the level of acbvity, and the length 
of the bme penod considered 

b is the seismic seventy index and appears to be related to the nature of the tectonic 
actwity causing earthquakes 
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This empincal hear  relabonship is commonly modified to an earthquake intensity-frequency 
relabon usmg MM Intensity data, this relabon is 

h4M Intensity 

Number of Earthquakes every 100 years in Wyoming, 
Colorado, and New Mexico 

log N = a - b I 
where 
I is the number of earthquakes of MM Intensity I through XII 

V VI vIr vm 
32 8 6 85 1 42 0 31 

Algermissen (1969) studied earthquake recurrence relaoons in several regions of the United 
States One area addressed was the central portions of Wyoming, Colorado, and New Mexico 
From several least squares regressions it was found that the following recurrence relabon applied 
to the Wyoming, Colorado, New Mexico area 

log N = 3.66 - 0.68 I 

Algemssen (1969) stabs~cally found the average number of earthquakes of a partmlar MM 
Intensity occurred every 100 years per 100,OOO km2 in the Wyoming, Colorado, New Mexm 
area Algermissen's results are presented in Table IV 10-16 

TABLE IV.10-16 
NUMBER OF EARTHQUAKES PER 100 YEARS IN THE 

WYOMING, COLORADO, NEW MEXICO AREA 

Using the same methodology, Algermissen and Perlans (1976) defined 71 smaller regions 
within the conterminous United States as seismic source zones Each zone was defined on the 
basis of histonc seismicity and the distnbution and acbvity of faults Future earthquakes are 
considered equally hkely to occur anywhere in the source zone It was determined that the zone 
111 which WETS is located (central Colorado Roches only) had the following seismc 
parameters 

* 21 5 MM Intensity V events per 100 years 
* a projected maximum MM intensity of VI1 
* a corresponding maximum magnitude of 5 5 

Figure IV 10-2 is a map depicbng the locabon and size of seismic events listed in the 
Some of the events shown may be due to human acbvibes such as explosive NOAA data 

detonabons, mining, injecbon wells, and have associated shallow focal depths 
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As shown on Figure IV 10-2, a zone of dense seismrc achvity is discernable and broadly 
comcides with the Rocky Mountam Arsenal The City of Denver is located at approxlmately 
105 W longitude, 39 7 N lahtude The locahon of the WETS is shown on h s  figure! by a 
star, and Lake Grandby is shown as an irregularly circled area northeast of 106 W longitude, 
4 0 N  lahtude 

eDes ien R~SDOIW SDectru m and Peak Motions: Acce leration. Velocitv. DisDlacement 
mdominant Period 

For seisrmc hazard inveshgahons ground mohon input for seismic evaluahon and design 
is generally defined in terms of a design response spectrum The followng summary of near- 
field ground mohons such as wsmic wave velocity, ground &splacement, and seisrmc wave 
penod is made m terms of a design response spectrum, but is equally apphcable m terms of a 
lateral force coefficient (buildmg code approach based upon a design response spectrum) 

The inferred near-field faults at the WETS (descnbed in Sechon IV 10 7 3 1) can not 
be modeled to eshmate magnituddintensity-accelerahon relahonships because peak ground 
accelerahon w i h  10 km of the causahve fault is independent of magnitude Peak ground 
accelerahon in the near-field is a funchon of the local distnbuhon of stress, dynamic stress drop, 
epicentral depth, and epicentral intensity (Hays, 1980) Further, there is httle mformahon on 
the dip, length, displacement, and capability of these faults 

The design response spectrum is a broad banded spectrum with liberal frequency and 
penod content It expresses the peak linear response of a senes of single-degree-of-freedom 
oscillators at a specified damping level A spectrum is typically anchored by a value of peak 
ground accelerahon, or alternately effechve (or design) peak ground accelerahon The "effechve 
peak accelerahon" can be thought of as the peak ground accelerahon after very high frequencies 
that have little influence on most structural responses (because they attenuate very rapidly) have 
been filtered out and may be more representatwe than peak ground accelerahon (especially for 
shff structures) Since the OU4 final engineered cover is a shff structure with a higher natural 
frequency, effechve peak ground accelerahon may be the most representahve ground mohon 
parameter (Newmark, 1973, Hays, 1980, Kennedy, 1980) 

Site-independent or site-dependant spectra can be generated, the former for regional use 
and the latter for site specific use The site-independent spectrum is usually anchored to one 
parameter of ground mooon The site-dependant spectrum is anchored to one or more 
parameters, and is geared to the local site condihons because the amplitude of the ground 
mohon, and how it is amplified or attenuated is a funchon of site specific shear wave velocity, 
matenal density and damping, thickness of unconsolidated matenal, water content, and where 
the surface or bedrock topography is Irregular, the geometry of the unconsolidated deposits and 
underlying rock (Kennedy, 1980) The most recent site dependent design response spectrum was 
constructed for WETS in 1984 by Coats and Murray, although this spectrum is now out of date 
(as per DOE Order 5480 28) it will be used m this analysis 
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Studies of ground mobon charactensbcs, combined with geological mvesbgabons and related 
damage assessments from past earthquakes have shown the charactensbc penod at which 
mmmum damaging effects occur is approximately equal to the fundamental penod of the soil 
column overlying rocklike (shear wave velocity of approximately 2500 feetlsecond or greater 
at small stratns) formabons (Scholl and Kustu, 1980, Hays, 1980) Therefore, since the OU4 
fmal engmeered cover can be thought of as a sbff structure lying ontop of a sbff sod column, 
it would be more suscepbble to damage from a high frequency-low penod seismic energy wave 
(whch would attenuate very rapidly) Thus, a near- field, high frequency-low penod seisrmc 
wave would effect the cover more adversely than a far-field, low frequency-high penod seisrmc 
wave 

0 

To summanze these site-specific data deficiencies before near-field ground mobons are 
modeled, the effecbve peak accelerabon for RFETS, which may be a more representabve 
parameter in companson to peak ground accelerabon, is not known, nor has it been esbmated 
It is not known how the unconsolidated matenal at RFETS (alluvium, colluvium, weathered 
sandstone and claystone) modifies seismic input (attenuabon or amplificabon) The fundamental 
penod of sod column above bedrock is also not known However, an empincal site penod 
relabon wdl be applied m order to esbmate near-field ground motions such as accelerabon and 
velocity 

A single-layer method has been proposed for empincally esbmabng the charactensbc site 
penod, Ts (Seed, 1975, Hays, 1980), this equabon is 

Ts = (4.H)/(R.B) 
where 
H is the depth of soil over bedrock, 
B is the shear wave velocity of the soil layer as measured under low stratn condibons 
in the field, 
R is a correcbon factor to allow for the reduction is shear wave velocity when 
the soil is excited by high-stratn ground mobon dunng an earthquake 

To esbmate the impact a near-field seismic event would have on the engineered cover, 
shear wave velocibes need to be considered for the matenals beneath the structure For design 
purposes, the seismic penod is considered to be the most cnhcal for the waste matenals in the 
interval between bedrock and the asphalt layer at the base of the engineered cover 

In 1993 DOE conducted a low-stmn geophysical refracbon survey throughout OU4 
(DOE, 1995, Part I1 of this document) The data collected dunng this survey indicated up to 
four layers of different unconsolidated matenals with varying thickness and velocity he beneath 
the SEPs Dunng construcbon of the engineered cover most of these layers will be removed 
The unconsolidated layer above the bedrock claystone will have a maximum thickness of 
approximately 5 to 10 feet, these matenals have a shear velocity of approximately 2,200 feet per 
second (fps) Upon this surface a three foot thick lateral subdmn layer will be constructed of 
gravel Although no shear wave velocity is known for the subdmn matenals, an esbmate of 
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1,200 fps can be made for this layer It is assumed that this layer should behave simlar to the 
loosely unconsolidated sand which crops out north of the SEps Above the subdram, 
approximately 15 feet of sod wll be compacted to approximately 90 percent proctor Although 
no shear wave velocity is known for the compacted soils an esbmate of 2,200 fps can be made 
for thls layer It is assumed that this layer should behave similar to the unconsohdated soils 
whch surround the SEPs Using a weighted average for the maximum thickness of 
approximately 28 feet, an average shear wave velocity of approximately 2,100 fps is obtarned 

0 

A 

Charactenshc Site Accelerahon (g's) Velocity (cm/sec) Displacement (cm) 
Penod (seconds) 

0 06 -1 2-1 8 -11 5-15 0 -0  1-0 15 

0 5  -2 0-3 0 - 152 4-228 6 - 10 1-15 2 

Using these values to solve for Ts in the empincal charactenshc site penod equabon, 
yields a value of 0 06 seconds for the area beneath the SEPs Using ths charactembc site 
penod, ranges of values for velocity, accelerahon, and displacement can be extrapolated from 
the site specific design response spectrum (Coats and Murray, 1984) and are presented m Table 
IV 10-17 This value is of very high frequency, and attenuate very rapidly, therefore hamg 
httle influence on the structural response of the final engineered cover 

\ 

Alternahvely, site-independent work by Seed (1975) determined the fundamental penod 
of any site (Ts) will vary from a minimum allowable value of 0 5 s for shallow shff soil deposits 
to a maximum of 2 5 s for deep, soft soil deposits Without actual data on amplificahon and 
attenuahon properhes of unconsolidated matenal at the WETS, this value (0 5 s) may serve to 
provide a better value of effectrve peak ground acceleraoon Table IV 10-17 presents the ground 
mohon value ranges (2% to 10% cnhcal damping) extrapolated from the site specific design 
response spectrum using the calculated site penod and the value suggested by Seed (1975) 

Ground accelerahon is commonly measured in g's, where "g" is accelerahon due to 
gravity The accelerabon of gravity is approximately 9 79 meters/second/second, when the 
ground accelerates faster than this, the force of gravity is exceeded and unanchored objects on 
the ground, no matter what their weight, go flying or are suspended momentarrly 

TABLE IV.10-17 
ESTIMATED PEAK GROUND MOTIONS FOR A NEAR-FIELD SEISMIC EVENT 

The spectral values presented in Table IV 10-17 represent the combined honzontal and 
verhd components of each response For seismic design evaluahons the honzontal or lateral 
component is the most cnhcal and useful parameter In the near-field the verhcal component 
of each response is commonly much greater than the honzontal component Thus, the g values 
presented m Table IV 10-17 are most likely overly conservahve, in that they represent the 
eshmated lateral and verhcal force of a near-field earthquake 
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However, the values in Table IV 10-19 suggest that a very near-field seismic wave 
(possibly generated from the inferred fault subjacent to the SEPs), with an associated high 
frequency-low penod would do less damage (0 1-0 15 cm vs 10 1-15 2 cm displacement) to the 
final engmeered cover in compmson to a moderate-field (possibly generated from the mferred 
OU2 fault) seismic wave with a lower frequency-higher penod 

, ' 
~ 

Attenuat ion of Peak Motions: Intensitv and Acce leratioq 

Many authors have histoncally based attenuabon funcbons for areas outside of Cahfornra 
on MM Intensity data Using MM Intensity data, regional seisnuc attenuabon can be detemed 
by several techniques, some of these will be applied in this sechon to determine MM Intensity 
values at RFmS from a distant source 

Peak ground accelerauon is not a simple funcbon of MM Intensity, but is more d m t l y  
related to epicentral mtensity (Hays, 1980) The following discussion is intended to provide a 
sense of the source-distance relabonship, and how this relaoonship correlates with the peak 
honzontal ground accelerabon component of spectral accelerabon (g's) 

An empincal method developed by Gupta and Nuttli (1976) denved the following 
relauonship for the central United States in the area between the Rocky Mountam and the 
Appalachians 

IN) = I, + 3.7 - 0.001R - 2.7 log R, for R > 20km 
where 
R is distance from source to site 
I,, is MM Intensity at source 
I@) is MM Intensity at a distance R (epicentral distance) 

Table IV 10-18 displays the MM Intensity that WETS might expenence for MM 
Intensity events at vanous distances using EQ 1 
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TABLE IV.10-18 
MM INTENSITY EVENTS 

4 

5 

6 

7 

8 

9 

VII 20 12 5 VII 
IV 50 31 m 
V 50 31 Iv 
VI 50 31 V 

vn 50 31 VI 
VI1 350 217 I11 

Rows 1 through 4 illustrate the near-field source MM Intensihes that might be felt from 
energy released from the Golden Fault model Rows 5 through 8 represent moderate-field 
source MM Intensihes that may be expenenced at the site, such as from seismic events spacially 
related to the Rocky Mountam Arsenal, or floahng events such as the Chnstmas day 1994 event 
Row 9 illustrates the MM Intensity that might be felt at WETS in the case of a distant far-field, 
high-intensity, large magnitude earthquake 

Methods have also been developed to obmn peak honzontal ground accelerahon from 
MM Intensity data Tnfunas and Brady (1975) denved the following relahonship from empincal 
relabons between MM Intensity and peak honzontal ground accelerahon using data from the 
Western United States 

log A, = -0.014 + 0.30 1 MM, for 1 MM > 1 
where 
A, is honzontal peak ground accelerahon in cm/seC2 

The result of applying this equahon to the attenuation results of Table IV 10-18 is 
presented in Table IV 10-19 
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TABLE IV.10-19 
ATTENTUATION RESULTS 

Effect of Near- and Far Field Earthauakes on the OU4 Final Engineered Cover 

The preceding secbons have presented data on the locabon of faults proximal to WETS, 
magnitudes and intensibes of earthquakes that have occurred within lOOkm of Rocky Flats 
dunng the last 123 years, esbmates on frequency of earthquake occurrence and associated 
mtensibes, esbmated near source earthquake ground mobons, and attenuabon of ground mobon 
parameters from a far-field source The end result of explonng these parameters was to gam 
an esbmate of the probable g force WETS and specifically the OU4 final engineered cover 
would expenence dunng a near- or far-field earthquake This data is used in this secbon to 
examine the effects of a postulated earthquake on the OU4 final engineered cover 

Tables IV 10-20 and IV 10-21 present a seismic sensitmty analysis, using slope stabllity 
as a hmibng parameter This analysis was performed using Version 5 0 of the XSTABL 
program developed by I S Designs, Inc , of Moscow, Idaho XSTABL performs two- 
dimensional limit equihbnum analyses and incorporates a random surface generator for searching 
out the cnbcal falure surface for a given slope using Spencer's Method This model is 
considered "state of the art" for slope stability modeling and has been validated and venfied by 
DOE'S design team Further inforrnabon regarding the computer model can be found ~II 
Appendix IV €I, and the XSTABL Reference Manual Modeling parameters such as shear 
strengths and field densibes were acquired from laboratory tesbng on samples obtiuned dunng 
the geotechnical dnlling program, the results of this program are fully outlined in Appendw. 
IV H 

Table IV 10-20 presents data that was developed under the assumpbon that fractured 
bedrock terminates 40 feet below the final engineered cover Thus, this modeling scenano is 
applicable if there are no faults subjacent to the final engineered cover 
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TABLE IV. 10-20 
ESTIMATED ENGINEERED COVER PARTIAL FAILURE LIMITS 

ASSUMING NO SUBJACENT FAULTS 

Honzontal Accelerahon (g 's) 

0 05 

Honzontal Accelerahon (g 's) Engineered Cover Falure 

0 05 NO 

0 10 NO 
0 15 NO 

0 20 NO 

0 25 NO 

0 30 NO 

0 35 POSSIBLE 

0 40 YES 

Engineered Cover Falure 

NO 

Companng the falure limit (conservahvely placed at 0 35 g) in Table IV 10-20, to the 
predicted ground accelerahon in g's (0 124 g) for a worst case far-field energy release (MM 
Intensity VII) that is attenuated to RFETS (Table IV 10-19) suggests that seismically induced 
slope falure will not occur 

Table IV 10-21 presents data that was developed under the assumphon that fractured 
bedrock has no lower bound beneath the final engineered cover Thus, this modeling scenano 
is applicable if there are faults subjacent to the final engineered cover 

TABLE N.lO-21 
ESTIMATED ENGINEERED COVER PARTIAL FAILURE LIMITS 

ASSUMING SUBJACENT FAULTS 

0 10 NO 

II 0 15 I POSSIBLE II 
0 20 I 
0 25 YES 
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Compamg the fadure limit (conservabvely placed at 0 15 g) in Table IV 10-21, to the 
predicted ground accelerabon presented in Table IV 10-17 for a worst case near-field (1 2 to 1 8 
g) or moderate-field (2 0-3 0) energy release at WETS (Secbon 10 7 3 5), suggests that 
seismically induced slope fadure could occur 

Course of Action for Further Investigations 

The results of this analysis indicate that seismic acbvity is the only credible NPH that 
could have the potenbal to negabvely impact the OU4 final engineered cover The results of 
the seismc analysis indicate that under the current known condibons the final engmeered cover 
as it is conceptually designed could withstand the effects of the credible seismic events 
However, the suspected idenbficabon of new faults in the vicinity of the SEPs has the potenbal 
to require design modificabons to the final engineered cover if the inferred faults are proven to 
enst, and if any new faults are determined to be capable 

Confimng the locabon, trend, and nature of suspected or inferred faults proxlmal or 
subjacent to the OU4 area (Secbon 10 7 3 1) is important to the IM/IRA design process 
Further, ascerkuning the capability of confirmed faults and updabng the design response 
spectrum for the WETS is required by DOE Order 5480 28 

If the final results of the currently ongoing seismic evaluabon program determine that 
new faults are suspected in the vicinity of the SEPs, then the DOE will inibate field programs 
to confirm or deny their existence If any new faults are confirmed then the DOE will inihate 
field programs to determine if any fault is capable 

e 
Several different types of geophysical techniques can be used to confirm or idenbfy 

faulbng Each technique has limitaoons relevant to the pmcular site but is capable of supplying 
non-intrusive informabon that can direct pertment intrusive inveshgabons In this manner the 
more costly and slower intrusive invesbgabon costs can be kept to a minimum The two basic 
geophysical invesbgabon forms are surface and subsurface types of invesbgabon The 
subsurface types of invesbgabon use boreholes to gam addihonal knowledge about the lithology 
around a borehole or between adjacent boreholes These techniques typically include borehole 
geophysical logging, Verhcal Seismic Profiles (VSPs), and tommograpby To imbally define 
and confirm a fault trace, surface geophysics is typically the most appropnate tool Large faults 
can be idenbfied using gravity, magnebc, or seismic refracbon data Because of the subtle 
expression of the faults at the WETS these geophysical tools are too rough and instead a near 
surface seismic reflecbon survey can be designed to delineate suspected faults Previous 
reflecbon survey invesbgabons of faulbng have shown that the design aspect impacts the depth 
of invesbgabon and the quality of informabon obmned The beneficial results from a reflecbon 
survey are idenbficabon of a fault (locabon and extent), a better esbmate of the potenbal seismic 
moment magnitude as esbmated through the size-fault-area relabonship (previously above), and 
possibly the latest occurrence of movement as seen in “bedding” offset 
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If the non-mtrusive seismic reflechon results confirm the suspected locahon of an mferred 
fault, then mtrusive field work will be inihated A subsurface charactenzahon program usmg 
inchned or convenhonal boreholes would then be inihated for any fault that remans suspected 
m order to confirm or preclude their existence Once this has been accomplished, a trenching 
program would be a cost effechve and defensible means to physically charactenze and access 
the capabdity of each fault If the inferred faults are shown to exist and determined to be 
capable, then addihonal design cntena may be needed to mibgate any seismc hazard 

@ 

The two destruchve forces associated with earthquakes are shalang (accelerahon) and 
displacement Just hke there is no standard procedure for assigning the probable peak mobons 
or durahon of shalang from a future earthquake at any given site, any effort to strengthen a 
structure agamst an unknown force is built upon assumptions Generally, buildings are shffened 
with the use of shear walls Shear walls reduce the deflechons of the upper floors by increasing 
the natural frequency of the structure Typical stiffening procedures attempt to fofify weak 
members by cross-hnhng members or adding special no-window walls to structures (Green, 
1978) These typical features would lessen the funchonal aspects of the Engineered Cover by 
permitbng ground water movement along the structural support members Another possibihty 
is to encapsulate the waste m concrete Because the natural frequency of a predicted earthquake 
is eshmated to be high, the Engineered Cover should endure the shalung similar to compacted 
earthen dams (Wiegel, 1970) Typical fadure of earthen dams is due to Iiquefacbon, a very 
unlikely event for the Engineered Cover because of its high topographic posihon and the 
funchoning aspects of the lateral subdmn To conhnue funchoning subject to the predicted 
displacement forces that tend to shear structures apart, the amount of displacement associated 
with an earthquake must be taken into account Given the nature of the gravel lateral subdmn, 
it is anhcipated that most of the sheanng force will be dissipated internally The amount of 
maximum displacement associated with the largest predicted earthquake for the Engmeered 
Cover is approximately 15 cm (Sechon IV 10 7 3 4) This amount of displacement can be 
accounted for by adding a like amount of gravel to the lateral subdmn 

IV.10.8 Transportation Impacts 

Implementahon of the preferred IM/IRA action would be expected to cause minor direct 
and indirect impacts to the transportahon system, both on and off the RFETS Shipments of 
construcbon matenals are anhcipated to be made enhrely by trucks Therefore, it is reasonable 
to assume that traffic on the state, county, and RFETS roads may expenence relahvely minor 
delays due to this increase in construcbon matenals, supplies, workers, and equipment entenng 
and exlhng the facility These offsite transportahon impacts would be less severe under the 
prefened IM/IRA alternabve in companson to other potenhally reasonable altemahves as there 
is no required removal of contaminated matenals to areas outside the RFETS for disposal 
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IV.10.8.1 Offsite Impacts 

Impact on the highways surrounding the WETS is anhcipated to be minimal State 
mghway 93 will be the thoroughfare used by construchon delivery trucks The vehicles wdl 
enter and exlt at the west gate of the WETS located off Highway 93 The Colorado Department 
of Transportahon (CDOT) 1992 traffic data shows that between State Highway 128 to the north 
of the WETS and Cheyenne Street m Golden to the south of the WETS, an average of 215 
combmed umt trucks (1 e , tractor/tmler vehicles, etc ) were counted on Highway 93 per day 
(CDOT, 1993) Total vehcle traffic for this sechon of Highway 93 averaged 13,700 ADT, 
therefore combined unit (c u ) trucks accounted for 1 6% of total traffic Based on a 
conservahve eshmate, the IM/IRA would result in a maximum increase of 60 c u trucks per day 
for this hlghway (120 c u counts) translating to c u trucks accounhng for 2 4% of total traffic 
Assummg 1992 traffic stabshcs are adequate eshmates for the IM/IRA startup, the conservahve 
number of 60 vehicles spread over 10 hours (avoiding delivery dunng peak rush-hours) would 
not be expected to have a nohceable impact on local transportahon infrastructure Informal 
discussions with CDOT resulted in the same conclusion (CDOT, 1994) In addihon, the traffic 
lights at the west gate and the state highway 93/72 intersechon and the left and nght turn lanes 
into the WETS will further rnihgate potentd adverse impacts to traffic (DRCOG, 1994) 

IV.10.8.2 Onsite impacts 

It is expected that the impact of the increased traffic at the WETS would be small The 
approximately 15,200 truck loads (at 18 cubic yard payloads) of matenal required for cover 
construchon and backfill achvihes will be delivered over a 12 to 18 month penod Dunng the 
most intense delivery penods, a maximum of 6 trucks per hour (ten hours per day) will unload 
at an area adjacent to OU4 These delivenes would occur ahead of construchon needs for each 
cover layer, logishcal issues will be addressed as appropnate Such issues include coordinahon 
of achvihes and delivenes of matenals with other WETS projects to minimize delays and traffic 
congeshon on site Delivenes would not be expected to be allowed dunng peak rush-hours in 
the mornings and evenings thereby avoiding disruphon to traffic flow dunng heaviest volumes 

The secunty gates and the WETS roads within or adjacent to OU4 would receive the 
greatest direct impacts from the preferred IM/IRA The relahvely concentrated area of truck 
operabons and the bme required to clear secunty procedures account for the expected site 
congeshon and delays The hme required for a single truck to enter the WETS, deliver its 
load, and exit the facility will be greatly reduced by the modificahon to the site secunty system 
that allows for easier access than currently exists A separate construction vehicle access point 
wlll reduce impacts to on site traffic flow in that construchon vehicles will stay off m a n  site 
roadways to access the proposed construchon gate The most dramatx increase in usage may 
occur on the dirt road west of SEP 207-C, the access road east and northeast of the SEPs, and 
the paved road south of the SEPs 

Human health impacts normally incident to transportahon include possible traumabc 
injunes and fatalibes resulhng from vehicular operahons in addihon to vehicle emissions (DOE, 

022ll22A46lR9 16-15 WPP ou4 PlcQoad M I R A  EA. Dccnm Document 
IV- 192 F c b n y l O  1995 



1991a) Rao et al (1982) esbmated nsks resulhng from truck transportahon based on 
nabonwide Department of Transportabon (DOT) stabshcs The accident-related nsk esbmates 
were average values that accounted for traffic differences between urban, suburban, and rural 
areas (DOE, 1991a) Using the nsk esbmate for truclang accidents (4 83E-8 per mile) (Rao, 
1982) approximately 210,000 truck shipments (one-way distance of 50 miles) would be required 
to result in one addihonal traumahc fatality This value provides a reasonable reference point 
to assess IM/IRA transportahon impacts since it is anhcipated that the matenals for the final 
engineered cover construchon will be obtiuned from quarnes within a SO-de radius of the 
WETS, and will be dehvered by trucks Companng this value to the projected 15,200 or fewer 
truckloads of construchon matenal requrred to implement the preferred IM/IRA, human health 
impacts due to traffic accidents would not be expected 

' 

Dust resuspension due to the increased traffic on OU4 roads, especially the dlrt road to 
the east of SEP 207-C, could also result in the potenhal for short-term adverse health effects to 
the workers These temporary impacts to human health could result from the inhalabon or 
ingeshon of the dust parhculates (1 e , respiratory distress) These potenhal negahve impacts 
could be mibgated through dust suppression techniques (frequent watenng of the roads, etc ), 
erosion protechon, au  monitoring, and personnel protechon measures Long-term health impacts 
resulhng from inhalabon of contaminated parkulates have been indirectly assessed m the PRG 
calculahons for OU4 (see Secbon IV 10 1) As previously menhoned, the final engineered cover 
would result m long-term beneficial impacts to human health by eliminahng significant exposure 
pathways The decontaminabon and demolibon of Buildings 788 and 964 would occur at the 
beginning of IM/IRA implementahon and would not be expected to interfere with other OU4 and 
WETS-related traffic The requirements for transport vehicles and demolibon equipment for 
building removal would be negligible compared to the rest of the IM/IRA transport needs The 
no acbon altematwe would not require shipments of construcbon matenals and so would result 
in no nohceable increase in traffic 

IV.10.9 Short-Term Versus Long-Term Impacts 

The environmental restorabon of the OU4 area could result in short-term degradahon of 
habitats of topsoll borrow sites Required removal of clean fill is expected to be less than 
100,000 cubic yards This potenhal can be mihgated as it is expected that clean fill matenal wlll 
be procured from commercial mining/quarrying sites that hold the proper permits It is 
anhcipated that the matenal would be removed in a manner that would minimize long-term 
impacts by such procedures as 

Excavahng only above the ground water elevahon to avoid affechng ground water, 

Grading and revegetahng borrow areas to be consistent in appearance with adjacent 
lands, 

Avoiding excavahon in sensitive areas such as wetlands, flood plans, and areas that 
potenhally provide habitat to threatened or endangered or other species of concern, and 
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m h n g  stockpiles of construchon matenals and clean fill in areas void of vegetahon 
and wddhfe These areas will include the SEPs themselves and disturbed vacant lots 
to the east of the SEPs 

SEP habitat is essenhally nonexistent due to the extensive industnal achvity in the area 
over the last 20 years In the long-term, the preferred IWIRA achon for the OU4 area would 
be expected to have a poahve impact on the local hydrology, vegetabon, and wddlife by 
ehmmahng mdustnal disturbance 

As discussed in the previous media quality impact sechons, the no acbon altemahve wdl 
not remove or isolate the contaminahon source and consequently wdl not limit the potentd for 
adverse human health or ecological nsks It is reasonable to assume that in the short and long- 
term, the potenhal for degradahon of the biohc components will conbnue and acceptable cleanup 
levels will be more difficult to achieve in the future 

IV. 10.10 Impact to CulturaUHistoncal and Archeological Resources 

The proposed achons would have no impact on archaeological and/or histonc resources 
Recent resource cultural surveys have revealed that no sites found on the 5,900-acre WETS axe 
eligible for Natlonal Register of mstonc Places deagnabon (Burney et al, 1988 & EG&G 1992) 
The State Office of Archaeology and Histonc Preservahon has concluded that the areas within 
the 384-acre secunty-fenced zone of the WETS are so highly disturbed that little cultural 
resource informahon would be avadable (DOE, 1991a) 

IV.10.11 Cumulative Impacts 

Cumulabve impacts are the result of the accumulabon of incremental effects of past, 
present, and reasonably foreseeable future achons These impacts must be considered because 
minor impacts from specific projects may, when collecbvely considered, result in substanbal 
effects to the environment 

At present, there are no other achvities scheduled for the OU4 area that would be 
expected to cause significant impacts to the area Ongoing and anhcipated hydrogeological 
charactenzahon achvibes will be limited to short term sampling events It is assumed that 
construcbon acbvihes at vanous OUs in the WETS will conbnue in the future However, these 
acttons are not all likely to overlap due to the lengthy process of project design, approval, and 
implementahon Therefore, short-term future cumulahve effects would not be substanhal 
Long-term cumulahve impacts, i e , IWIRA achon in conjunchon with other site restorahon 
achvihes, will facllitate future beneficial use of the WETS land and fulfill mandated cleanup 
objechves (refer to IV 10 1 for discussions on impacts to human health) 

Regarding past and present achons, the IMIIRA alternahve would result in cumulahve 
impacts to ground water, surface water, ar quality, vegetahon, wildlife, land use, and 
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transportahon in and immediately around the OU4 area However, these impacts would be small 
or immeasurable, and m many cases favorable to the current OU4 situahon when viewed over 
the long term 

It is anhcipated that the no achon alternahve would result in conhnued nsk of adverse 
impacts to the envlronment, specifically to the biohc components in the OU4 area (refer to 
Secbons IV 10 1 and IV 10 2) Potenhal pathways to terrestnal plant and animal receptors may 
exlst provided the COCs remam accessible to plant roots, burrowing animals (mvertebraks and 
higher trophic level organisms), or foraging animals Higher food web orgarusms, most likely 
migratory, that consume plant and mmal species that have accumulated site contaminants could 
therefore also be exposed indirectly to these contaminants As menhoned m prewous impact 
discussions, adverse impacts to abiohc media (ground and surface water, ar)  would not be 
expected to be consequenhal, although mobilizahon of COCs m the soil through ground water 
flushing (extreme elevahon mto previous unsaturated soils) could result under the no achon 
scenano The evaluahon of potenhal ground water elevahon exclusions as a mechanism of sod 
contammahon transfer to ground water is presented in Appendix 111 D Hydrogeologic 
inveshgahons will be conducted and addressed dunng the Phase I1 RFZ/RZ 

IV.10.12 Comparison of the Preferred MIRA to the No Action Alternative 

The potenhal adverse and beneficial impacts of the two altemahves are expected to be 
significantly different 111 both the magnitude and degree to which they affect the quahty of the 
human environment Implementahon of the preferred IM/IRA is not expected to have any 
substanhal adverse impacts to human health or the environment and is consistent with long-term 
remediabon goals for the WETS In the instances where potentially small impacts may occur, 
appropnate mihgahon measures may be employed 

The no achon alternahve could potenhally have adverse impacts to both human health 
and the environment through the conbnued migrahon of contaminants which exceed the nsk- 
based concentrahon levels The contaminants (if left as is) would remam avadable for exposure 
to humans and biohc components of the environment and thus potenhally allow for direct or 
indirect receptor exposure and intake A cornpanson of how the two alternatwes could impact 
human health and the environment is presented in Table IV 10-22 It should be noted that the 
no-acbon altemabve cannot be selected as the OU4 IM/IRA due to the fact that this altemahve 
fatled the threshold compmson cntena (compliance with ARARs, and overall protechon of 
human health and the environment) presented in Sechon I11 5 2 

IV.10.13 Agencies Consulted, Including Coordination with Federal, State, Regional, and 
Local Agencies. 

The following agencies were contacted for informahon dunng preparahon of this IMAM-EA 
Decision Document 

Colorado Department of Transportahon 
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TABLE JY.10-22 
SUMMARY OF POTENTIAL IMPACTS: PREFERRED IM/IRA 

VERSUS NO ACTION 

Impact 

Human Health 

Preferred IM/IRA 

Mlnimize exishng nsks due to 
long-term potenhal exposure to 
surficial soil, vadose zone soil, 
sludges, and pondcrete 
contammaQon 

Short-term nsks due to worker 
exposure to soil matenals, 
sludges and potenhally pondcrete 
that exceed PRGs dunng 
remediahon 

Potenhal adverse effects to 
workers as a result of 
encountenng unknown utdihes or 
uncharactenzed areas of high 
contaminahon 

RIsks to workers associated with 
soil excavation, relocahon , 
treatment processes and 
construction achvities (e g , 
increased fugihve dust 
generahon , increased 
transportahon requirements) 

No Action 

Fdure to achieve PRGs that are 
protectwe of human health 

Short-term nsks due to worker 
exposure to soil contammahon 
dunng grading and reseeding 
achvihes 

Potenhal adverse effects to 
workers as a result of 
encountenng unknown uhhues or 
uncharactenzed areas of high 
contaminahon 

RIsks to workers associated with 
grading (e g , increased fugihve 
dust generabon, increased 
vehicular use) 
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TABLE IV.10-22 (Continued) 
SUMMARY OF POTENTIAL IMPACTS: PREFERRED MIRA 

VERSUS NO ACTION 

Impact 

Envuonment 

Preferred MIRA 

Temporary physical disruphon of 
mdustnal area dunng 
construchon of engmeered 
bamer, more than 27 acres 
affected by soil excavahon, 
matenal staging, and construchon 
achvihes 

Temporary physical disruphon of 
borrow area used for clean fill 
mated  

Increase in local traffic 
requirements, increased dust 
generahon dunng construchon, 
and increased potenhal for 
erosion due to changes in surface 
topography at both OU4 and 
borrow area 

Three small wetlands will require 
protechon dunng construchon 
Wetlands banlang is bemg 
considered as a mihgahve 
measure Mihgahve measures 
may be required for the Preebles 
Meadow Jumping Mouse, which 
is being considered for lishng as 
a federal endangered species 
No floodplams wrll be affected 

No Action 

Physical disruphon of industrial 
area dunng regrading achvihes 

Remamng uncontrolled 
conmnants could negahvely 
affect coloninng vegetahon and 
wildhfe and impact receiving 
surface water and ground water 

No wetlands, floodplams, cnhcal 
habitats, or threatened and 
endangered species wll be 
negahvely impacted by 
construcbon achvihes 
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TABLE IV.10-22 (Continued) 
SUMMARY OF POTENTIAL IMPACTS: PREF'ERRED IM/IRA 

VERSUS NO ACTION 

Impact 

Air Quality 

Groundwater 
Quality 

Preferred IM/IRA 

Atmosphenc dispersion 
calculabons demonstrate little 
nsk due to exposure to site 
contaminants to remediabon 
workers, on-site workers, or the 
pubhc dunng sod excavabon and 
construchon acbvibes 

Potenbal increase m PMlo 
emissions at both OU4 and 
borrow areas dunng construcbon 

~ ~ 

Negligible downward migrabon 
of site Contaminants consolidated 
under engineered cover 
(VLEACH calculabons) 

Little potenbal for significant re- 
mobilizabon of contaminants 
consolidated under engineered 
cover 

Potenbal effects on local 
hydrogeology by reducing 
percolabon and changing 
topography in a potenbal 
recharge area 

No Action 

Fiulure to rmbgate the potenbal 
of contammated mrbome 
parbculates could result M 
inhalabon 

Potenbal increase in PMlo 
ermssions at both OU4 and 
borrow areas dunng regrading 
acbvibes 

Downward migrabon of site 
contaminants into groundwater 
Groundwater concentrabons 
exceed companson cntena at the 
point of compliance (VLEACH 
calculabons) 

Minimal effects on local 
hydrogeology due to changes in 
dramage patterns from grading in 
a potenbal recharge area 

Potentml degradabon of ground 
and surface water dunng the nse 
of the water table causing 
groundwater to contact 
previously unsaturated soils 
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TABLE IV.10-22 (Continued) 
SUMMARY OF POTENTIAL IMPACTS: PREFERRED IM/IRA 

VERSUS NO ACTION 

Cultural, 
Histoncal 
and 
Archaeological 
Resources 

Transportabon 

~ ~~ 

Short-term v 
Long-term uses 

Preferred IM/IRA 

No surface water bodies exlst 
w i h  the boundanes of OU4 

The subsurface dmnage layer 
wdl prevent COC mobilizabon 
caused by a nse of the water 
table 

Consolidabon of sod 
contaminabon under engineered 
cover will nunimize or elinunate 
precipitabon run-off 

No resources present 

Minor mcrease 111 traffic volume 
and patterns dunng construcbon 
acbvibes, negligible impact on 
surrounding transportabon 
infrastructure 

Short-term disrupbon of 
industnal area and borrow area 
required to minimize potenbal 
nsks associated with exposure to 
site contaminabon 

Construcbon of engmeered cover 
will preclude unrestncted use of 
area underlying and adjacent to 
Engineered cover 

No Action 

No surface water bodies exist 
wthin the OU4 area 

Protechon of adjacent surface 
water bodies from contarmnated 
run-off from OU4 limited to ITS 
system 

Potenbal degradabon of ground 
and surface water dunng high 
water table contactmg previously 
unsaturated sods 

No resources present 

Slight increase 111 traffic volume 
and patterns, although less than 
those expected under the 
preferred IM/IRA 

Short-term disrupbon of 
industnal area and borrow area 
requued dunng regrading 
acbvibes 

Need for long-term insbtubonal 
controls to minimize nsks 
associated with exposure to 
remmmg, avatlable site 
contammauon 
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TABLE IV.10-22 (Continued) 
SUMMARY OF POTENTIAL IMPACTS: PREFERREJ) MIRA 

VERSUS NO ACTION 

Impact 

Irreversible & 
Irretnevable 
Comrmtments 

Duecthdirect 
Effects 

Cumulabve 
Impacts 

Preferred M I R A  

Clean fill from borrow areas, 
construcbon matenals, and area 
underneath and adjacent to 
enmxered cover 

As descnbed above 

Remedubon of OU4 sludges 
currently stored onsite will be 
expediated 

Short-term dlrect increase in 
remediahon jobs, indirect job 
loss due to ehminabng 
producbon funcbons at RFETS 

Implementahon of the preferred 
IM/IRA is consistent with the 
long-term mission of remediatmg 
the RFETS 

Engineered cover will isolate 
contaminants prevenbng upward 
and negligible downward 
migrabon 

Implementahon may interfere 
slightly wth other acbvihes in 
progress at the RFETS 

No Action 

Clean fill from borrow areas 
used in grading acbvibes 

As descnbed above 

Short-term dlrect increase in 
remediabon jobs, mdirect job 
loss due to elirmnabng 
producbon funcbons at RFETS 

Implementabon of no acbon 
would impede or at least delay 
site-wide goals to remediate the 
WETS 
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TABLE IV.10-22 (Contiuued) 
SUMMARY OF POTENTIAL IMPACTS: PREFERRED IM/IRA 

VERSUS NO ACTION 

Impact 
~ 

Mibgabon 
Measures 

Preferred IM/IRA 

Implementahon may require 
short-term changes in access 
pomts at OU4 to expedite 
construcbon acbvibes 

Debvery of construcbon 
matenals would not occur dunng 
the peak morning or everung rush 
hour 

Dust suppression dunng 
construcbon achvibes 

Erosion protecbon measures 

Construct subsurface dram to 
prevent potenbally nsing ground 
water from leaching contaminants 
from consolidated matenal 

Wetlands banlung is being 
considered as a mitigahve 
measure due to three small 
wetlands requmg protecbon 
dunng construction 

No Action 
Implementabon may require 
short-term changes in access 
points at OU4 to expedite 
gradmg acbvibes 

Dust suppression dunng gradmg 
acbvibes 

Erosion protecoon measures 

NOTE The no acbon altemabve cannot be selected because it fads to meet the CERCLA 
threshold cntena (Part III) 
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IV.ll REGULATORY REQUIREMENTS 

According to Part 18 of the IAG, pomons of the response acbons called for and 
conducted enbrely wthm the boundanes of the WETS are exempt from the procedural 
requuement to obtam federal, state, or local permits This permit exempbon is mtended to 
avoid delay of the onsite response acbons due to procedural requirements of the permit process 
Although this provision exempts the need for new permits to execute the IWIRA, Part 11 of the 
IAG and Secbon XV of the IAG Scope of Work require that all units used to treat, store, or 
dispose of hazardous and/or mixed waste are subject to the substanbve and procedural 
requirements of the CHWA including permitbng requirements In addibon to the CHWA 
pemtklosure requirements, the DOE must idenbfy the permits which would otherwise be 
required, idenbfj the associated permitbng requirements, and explam how the IM/IRA wdl 
comply with these idenbfied requlrements 

This secbon is rntended to idenbfy the regulatory requuements associated wth the 
IM/IRA in accordance with the above IAG provisions and to demonstrate compliance with these 
regulatory requirements Subsecbon IV 11 1 provides a list of the permits that would be 
required of implementabon of the preferred IM/IRA Subsecbon IV 11 2 descnbes how the 
preferred IWIRA will comply with the ARARs, including the substanbve pernutbng 
requirements, idenbfied in Secbon I11 5 2 Subsecbons IV 11 3 and IV 11 4 provide addihonal 
dekuls descnbing ARAR comphance for the State of Colorado Requirements for Sitmg 
Hazardous Waste Disposal Sites (6 CCR 1007-2, Part 2) and the proposed regulabons for 
Correcbve Acbon Management Unit (CAMU) designabons (6 CCR 1007-3, 264 552), 
respecbvely Subsecbon IV 11 5 presents the request for a temporary unit designabon and 
Subsecbon IV 11 6 presents a discussion of the consistency of the proposed remedial acbon with 
potenbal final remedies 

, 

IV.ll . l  Permit Identification 

Based on the scope of the proposed IM/IRA, the following permitbng requirements would 
need to be addressed 

Modificabon of the exisbng CHWA/RCRA Part B Permit to incorporate provisions for 
the closure of the SEPs, the closure of RCRA Units 21 and 48, and Budding 964, and 
correctwe acbons required to remedlate the OU4 sources and sods, 

. Issuance of a post-closure care permit applicabon to address post-closure ground water 
monitonng , final engineered cover performance assessments, and mamtenance 
programs, and 

Modificabon of the exisbng storm water permit applicabon under the NPDES program, 
if requlred, to address proposed changes to the dmnage system as a result of installing 
the final engineered cover 
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As stated m Sechon IV 11, DOE must comply with both the procedural and substanhve 
CHWAIRCRA pemttmg aspects for the closure of the SEps This Decision Document 
conshtutes the closure plan required to be submitted to modify the SEP closure and correchve 
achon provisions specified in the emshng Part B permit To fulfill CHWA/RCRA permimng 
requlrements, the State shall open a public comment penod for this proposed OU4 MIRA 
Decision Document to sahsfy the pubhc comment requirements for draft closure plans A post- 
closure care and monitonng plan will be prepared and submitted to CDPHE/EPA pnor to 
closure of the SEPs Part V of the IM/IRA is the precursor of the post-closure care pemt  
apphcahon and conceptualizes the post-closure monitonng program The implementahon 
strategy to achieve comphance with the provisions of the CHWA/RCRA Part B pemt  and the 
hazardous waste closure/post-closure requuements are addressed in Sechon IV 11 2 

l 

In addihon to modificahon of the exishng Part B permit, the closure of the SEPs with 
hazardous waste in-place consbtutes the development of a hazardous waste disposal site As 
such, the closure achvihes are required to comply with the sihng and design provisions for 
obhning a Cerhficate of Designahon under 6 CCR 1007-2, Part 2 Pursuant to Part 18 of the 
IAG, the DOE does not have to comply with the procedural requirements to obhn a Cerhficate 
of Designahon for the onsite response achon, however, the preferred IM/IRA must comply with 
the substanhve requuements of this regulahon The implementahon strategy to achleve 
compliance with these design provisions is addressed in Sechon IV 11 3 

Per 40 CFR 122 26, DOE submitted a NPDES Storm Water Discharge Permit 
Apphcahon This permit applicahon addresses the sitewide monitonng program for all storm 
water discharges Although the requirements of this permit apphcahon are not specific to OU4, 
the changes to the dmnage will be evaluated to determine if the surface water monitonng 
program needs to be modified If required, the permit apphcahon will be amended to reflect 
the dramage changes 

IV.11.2 Implementation/Cornpliance Strategy 

The regulatory requirements to be satrsfied dunng the implementahon of the preferred 
IM/IRA were idenhfied in Sechon 111 5 2 This sechon idenhfies what achons will be taken to 
ensure compliance with these ARARs/TBCs For each identrfied ARAR/TBC, an overview of 
the requirement and the implementahon strategy to ensure compliance is presented in Table 
IV 11-1 Similar regulatory requirements were combined together if a common implementabon 
strategy assures compliance with the combined requirements The implementahon strategy may 
also provide a reference to the sechon in the decision document that demonstrates compliance 
with the ARAWTBC 

IV.11.3 Siting Requirements 

As stated above, DOE does not have to comply with the procedural requlrements to 
obtam a Cerhficate of Designahon but must comply with the substanhve requirements of 6 CCR 
1007-2, Part 2 The substanhve requirements are being invoked to ensure that the hazardous 

I 
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wastes are effechvely isolated from natural environmental pathways to ensure the long-term 
protechon of pubhc health Table IV 11-2 idenhfies the Part 2 cntena and provides cross- 
references to the appropnate sechons of this decision document that demonstrate compliance with 
the cntena The Part 2 cntena were paraphrased for the purpose of Table IV 11-2 to better 
reflect the applicabdity to the preferred IM/IRA 

@ 

IV.11.4 Request for CAMU Designation 

On July 31, 1994, the State of Colorado promulgated a final rule (6 CCR 1007-3, 
264 552) for CAMUs similar to the federal rule to promote more expedihous cleanups at many 
sites The CAMU designahon is allowed for the purpose of implemenhng correchve acbons as 
necessary to address releases of hazardous waste or conshtuents from any sohd waste 
management urut at the facdity The CAMU rule requires that cleanup operabons be prokcbve 
of human health and the environment, but allows the operahons to be mlored to the actual site 
condihons 

The State of Colorado rule defines remediahon wastes and CAMU as follows 

"Remediahon waste means all solid and hazardous wastes, and all media (including 
ground water, surface water, soils, and sediments) and debns, which contam listed 
hazardous wastes or which themselves exhibit a hazardous waste charactenshc, that are 
managed for the purposes of implemenhng correchve achon requirements under 
Sechon 264 101, Sechon 265 5, Sechon 25-25-308, and RCRA Secbon 3008(h) [42 
USC 6928(h)] For a given facility, remediahon wastes may onginate only from 
within the facility boundary, but may include waste managed in implemenhng RCRA 
Sechons 3004(v) [42 USC 6924(v)], 3008(h), Sechon 264 101, Secbon 265 5, or 
Sechon 25-15-308 for release beyond the facility boundary " 

"Correchve Achon Management Unit or CAMU means an area within a facdity that 
is designated by the CDPHE under Part 264 Subpart S for the purposes of 
implementmg correctwe acbon requirements under 264 101,265 5, Secuon 25-15-308, 
CRS, and RCRA Sechon 3008(h) A CAMU shall only be used for the management 
of remediahon wastes pursuant to implementing such correchve action requirements 
at the facility 

As noted in the preamble to the Federal rule (see 58 FR 8664), "new or as-generated 
wastes (either hazardous or non-hazardous) that are generated from ongoing industnal 
operahons" are not included in the definihon of a remediahon waste As such, the CAMU is 
not proposed to be used for the consolidahon and management of these wastes The DOE does 
not consider sludge and pondcrete to be "new or as generated wastes The sludge and 
pondcrete were conmned in the SEPs and were removed when the DOE inihated SEP 
closure/remediahon achvihes in 1986 These matenals had to be removed from the SEPs due 
to agreements reached with the CDPHE and so that the soils beneath the SEPs could be 
charactenzed via the Phase I RFI/RI program 
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TABLE IV.11-2 
COMPLIANCE WITH DESIGN AND SITING REQ- 

11 6 CCR 1007-2, Part 2 Requirement 

2 4 1 Design performance wll assure long- 
term protechon of human health and the 
environment 

Implementation/Compliance Strategy 

As discussed m Sections 111 5 1 and III 5 3, the 
preferred IM/IRA will provide long-term protechon 
of human health and the environment by isolatmg 
the hazardous waste from the au, duect contact, 
mgestion, and surface water exposure pathways 
The residual nsks associated wth the preferred 
IM/IRA are presented m Sechon IV 10 The 
VLEACH modehg d t s  mdicate that long-term 
protection of the ground water from potenhal 
contarmnant mgration due to precipitation and 
mfiltration wll  be acheved The subsurface 
dramage system will be designed to provide long- 
term ground water protection resultmg from 
potential contamrnant nugration due to the nse and 
fall of the ground water table 

The VLEACH modelmg results mdicate that long- 
term protection of the ground water from potential 
contamant nugration due to precipitahon and 
mfiltration wdl be aclueved In addition, a dramage 
layer wilt be installed beneath the hazardous waste 
m the event that the ground water elevahon should 
nse The subsurface dramage system will be 
designed to provide long-term ground water 
protection resultmg from potential contamrnant 
mgration due to the nse and fall of the ground 
water 

The engmeered cover wll effectively provide long- 
term isolation of the hazardous waste to prevent any 
adverse effects on surface water quality In the 
short-term, the ITS will contmue to be operated to 
preclude the mgration of ground water 
contarmnants from seepmg mto surface waters The 
need for the contmued operation of the ITS wll be 
addressed duma the Phase 11 RFIHU 

~ ~~ ~ ~~ 

The engmeered cover will effectively provide long- 
term isolation of the hazardous waste to prevent any 
adverse effects on air quality The short-term 
impacts as a result of excavation activities were 
deterrmned to have an msigmficant impacted to 
offsite at quality (see Section IV 10 3) 
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TABLE IV.11-2 (Continued) 
COMPLIANCE WITH DESIGN AND SITING REQUIREMENTS 

6 CCR 1007-2. Part 2 Reauirement 
2 4 5 Designed to prevent long-tern adverse 

effects on publlc health and the 
envmnme-nt due to mgrahon of  waste 
conshtuents m the surface and subsurface 
envmnment 

2 4 6 Any h e r  system lastalled to accomplish 
the design performance objechves shall 
be protected 

2 4 7 Any leachate and runoff control system 
shall be designed with sufficient capacity 
such that the design performance 
objectives will be met 

2 4 8 The closure design will provide 
reasonable assurance that the long-term 
performance objectives are met 

Implementation/Compliance Strategy 
See cntena 2 4 1 

As demonstrated by the VLEACH modelmg results 
(see Sechon IV 10 4), a h e r  system does not need 
to be mtalled to prevent contarmnsnt mgrahon mto 
the ground water due to precipitahon and 
mfiltration The subsurface dnunage layer wdl be 
conservatively designed to ensure that the dnunage 
system is adequate to prevent potential contamnut 
mgration from entenng the ground water due to 
fluctuations m the ground water table Therefore, 
protection of the lmer as specified m &Is regulation 
is not required 

As demonstrated by the VLEACH modelmg results 
(see Section IV 10 4), a leachate collechon and 
runoff control system is not needed to prevent 
contamant mgration mto the ground water due to 
precipitation and mfiltration The subsurface 
dramage layer will be conservatively designed to 
ensure that the dramage system is adequate to 
prevent potential contanunant mgration from 
entenng the ground water due to fluctuations m the 
ground water table Therefore, protection from a 
leachate collection and runoff control system as 
specified m &Is regulation is not r e q u d  Once 
the SEPs are closed, runoff controls are not 
required smce the engmeered cover wdl effectively 
preclude the potential contact of precipitation with 
the hamdous waste 

Section IV 10 provides mformation to quantify the 
residual nsks Residual nsks associated with mi, 
direct contact, mgestion, surface water and ground 
water pathways will be elinunated The engmeered 
cover and the subsurface dramage system will 
prevent contamrnant mgration mto the ground water 
due to precipitation, mfiltration, or fluctuations m 
the ground water table 
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TABLE IV.11-2 (Continued) 
COMPLIANCE WITH DESIGN AND SITING REQWREMENTS 

2 5 2(a) The ador-threshold concentrations 
established m the State mr polluhon 
regulations shall not be exceeded under 
normal climahc conditions 

6 CCR 1007-2, Part 2 Requirement I Implementation/Complnce Strategy 

ensure that the design specifications are met 

Given the nature of the hazardous waste and the 
odor-threshold cntena provided m 5 CCR 1 0 0 1 ,  
Regulahon 2 - Odor Emssions, it is unldcely that an 
odor violation would occur when implementmg the 
preferred IM/IRA 

2 4 9 The design shall mclude ground water 
and surface water momtonng systems 
Quality controls shall be unplemented to 
ensure proper construction matenals are 
used 

The postclosure ground water momtonng program 
is outlmed m Sechon V 4 3 Tlus sechon mcludes a 
descnption of the well construchon procedureg 
Surface water momtonng is currently conducted on 
a site-wde basis A postclosure care p e m t  
apphcation wl1 be prepared and submtted to 
CDHEPA pnor to closure o f  the SEPs 

2 4 10 The design shall mclude procedureti to be 
followed dunng construchon, including 
supervision and certification by a 
professional geologst or professional 
engmeer, to demonstrate that the facility 
is constructed m accordance with the 
approved design 

2 5 1 Demonstrate that the muumum design 
performance cntena (Sechon 2 4) will be 
satlsfied after construchon 

The construchon quallty control program is 
descnbed m Section IV 8 and mcludes provisions 
for oversight by a professional e n p e e r  A field 
log will be mamtamed to document the professional 
engmeer's observations The field observahons, 
along with the engmeered cover construchon q d t y  
control results and the venficahon sample results, 
will be summanzed m a closure report The 
closure report will be certified by the professional 
e n p e e r  and submtted to CDHEPA w i t h  60 days 
after completion of closure 

As mdicated above, the muumum performance 
cntena will be satisfied by mtallahon of the 
engmeered cover The construchon quality control 
program and professional enweer cerhfication will 

2 5 2(b) Access routes shall be reasonably safe 
based on mmmmg public exposure to 
transportation mcidents 

Thls cntenon does not apply to the preferred 
IM/IRA, public roadways will not be used to 
transport hazardous waste to OU4 Traffic impacts 
resultmg from transportmg construction matenals 
for the engineered cover to OU4 are descnbed m 
Section IV 10 7 

2 5 2(c) Provide adequate fire protection on a 24- 
hour basis 

Given the nature of the hazardous waste, adequate 
fire protection is avmlable Equipment fires are 
considered the only credible rncident RFT has 
adequate fire protection eqwpment and t m e d  
personnel to respond to h s  type of mcident 
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TABLE N.11-2 (Continued) 
COMPLIANCE WITH DESIGN AND SITING REQUREMENTS 

6 CCR 1007-2, Part 2 Requirement 

2 5 2(d) Provide adequate secunty on a 24-hour 
basis II 

2 5 2(e) Ensure avlulabihty of adequate 
professional competence and resources 
for the design, construchon, and post- 
closure care 

2 5 2(t) Ensure avadabdity of adequate 
professional competence and fesources 

for the design, construction and post- 
closure care 

The geologrcal and hydrological 
condihons of the site shall provide 
reasonable assurance to isolate the 
hazardous waste away from the natural 
environmental pathways that could 
expose the public for 1,OOO years, or 
some demonstrated shorter penod m 
whch the wastes are transformed to an 

2 5 3 

~~ ~ 

2 5 4 A h e r  shall be provided unless it is 
demonstrated to be unnecessary 

Implementation/Compliance Strategy 

OU4 is  withm the RFP penmekr secunty The 
secunty is adequate to restnct access to the SEPs 
and wll be mamtamed, at a rmnunum, untd closure 
of the SEPs is certrfied 

Constwhon matenal suppliers wll be idenhfied 
pnor to mtiatmg cover mtallation Staging areas 
will be provided to ensure mated avlulabihty 
dunng comtmction The quality control tests will 
ensure that the matenal conforms to design 
specifications 

Professional personnel and resources WIU be made 
avadable to the extent required to comply mth 
applicable laws and regulations 

The VLEACH modelmg results mdicate that long- 
term protection of the ground water from potenhal 
contarmnant rmgration due to precipitation and 
mfiltration will be acheved under the exlstmg 
geologrcal and hydrological conditions wth the 
installation of the engmeered cover The subsurface 
dramage system wdl be designed to provide long- 
term ground water protection d t m g  from 
potential contarmnant rmgration due to the nse and 
fall of the ground water table In addihon, the 
engmeered cover will isolate the hazardous waste 
from the an, direct contact, mgeshon, and surface 
water exposure pathways The engmeered cover IS 

designed to provide long-term protection of the 
public on the order o f  1,OOO years 

As demonstrated by the VLEACH modelmg results 
(see Section IV 10 4), a h e r  system does not need 
to be mstalled to prevent contarmnant rmgration mto 
the ground water due to precipitation and 
mfiltration The subsurface dramage layer will be 
conservatively designed to ensure that the dramage 
system is adequate to prevent potential contarmnant 
rmgration from entenng the ground water due to 
fluctuations u1 the ground water table Therefore, 
protection of the lmer as specified m th~s regulation 
is not required 
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TABLE IV.11-2 (Continued) 
COMPLIANCE WITH DESIGN AND SITING REQUIREMENTS 

6 CCR 1007-2, Part 2 Requirement 

2 5 5 A leachate collection and runoff control 
system shall be provided 

2 5 6 The facility shall be located to provide a 
buffer zone to prevent adverse effects on 
public health should unexpected 
discharges o f  hazardous waste occur 

. 
ImplementatiodComplance Strategy 

As demonstrated by the VLEACH modelmg results 
(see Section IV 10 4), a leachate collecbon and 
runoff control system is not needed to prevent 
contarmnant rmgration mto the ground water due to 
precipitation and mfiltration The subsurface 
dramage layer will be conservatively designed to 
ensure that the dramage system is adequate to 
prevent potential contarmnant rmgration from 
entenng the ground water due to fluctuahons m the 
ground water table Therefore, protection from a 
leachate collechon and runoff control system as 
specified m th~s regulation is not required Once 
the SEPs are closed, runoff controls are not 
required smce the engmeered cover will effectwely 
preclude the potential contact of precipitation with 
the hazardous waste 

OU4 is centrally located w i t h  the large buffer 
zone of the RFP Atr dispersion modelmg (see 
Section IV 10 3) indicates that creditable ermmons 
dumg excavation activities are msipficant 
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The preamble to the federal CAMU rule states preference of "remedies that employ 
techmques, such as treatment technologies, that are capable of reducing the overall degree of 
nsk posed by the waste and consbtuents of the facility" (see 58 FR 8670) The preamble also 
estabhshes the fact that conmnment is also sufficiently effecbve The CAMU rule allows 
"remediabon wastes" to be consolidated within a discrete area if the consolidahon is determined 
to enhance remediabon and protect human health and the environment A CAMU designahon 
would facilitate the implementabon of the selected remedial alternahve by allowmg the 
consohdabon of the remediabon wastes without imposing unnecessary requmments while stdl 
bemg protecbve of human health and the environment 

The preferred IMIIRA involves the installabon of an final engineered cover and a 
subsurface dmnage layer to isolate contaminated media and soils to prevent exposures to human 
health and the environment The preferred IM/IRA has been determined to be protecbve of 
human health and the environment and be the most cost-effecbve remedy considenng the nature 
and extent of contaminabon It is proposed that contaminated media and soils be consohdated 
within the current locabon of SEPs 207-A, the 207-B Senes SEPs The CAMU concept is a 
sound approach because it will prevent the further spread of contaminabon through consohdabon 
and conmnment while protecbng human health and the environment via the final engineered 
cover 

To effecbvely implement consolidahon of contaminated liners, sludges, pondcrete, debns, 
and soils under the preferred IMAM, DOE is requesbng that a pornon of OU4 be designated 
as a CAMU as idenbfied in Figure IV 11-1 The CAMU designahon as promulgated by the 
state under 6 CCR 1007-3,264 552 is being requested pursuant to the OU4 closudremediahon 
acbvibes The following subsechons provide the jusbficabon for the CAMU designahon, 
idenufy how the CAMU will be implemented, demonstrate compliance with the Colorado 

, regulabon, and address CAMU closure requirements 

IV. 11.4.1 Justification 

The CAMU is requlred to be designated in accordance with the cntena stated in 6 CCR 
1007-3,264 552(c) Each designahon cntena IS addressed below and establishes thejusbficabon 
for designabng a CAMU withm OU4 to facilitate implementahon of the preferred IM/IRA 

1) The CAMU shall fachtate the implementation of reliable, effective, protective, and 
cost-effective remedies. 

The proposed IM/IRA will be reliable, effectwe, protecbve of human health and the 
environment, and cost-effecbve, By placing all of the remediahon waste under the final 
engineered cover, exposure from surface soil, surface water runoff, and arborne contaminants 
wdl be eliminated The VLEACH model demonstrates that the potenhal for contaminants 
leaching into the ground water due to precipitahon and infiltration is negligible The potenbal 
for the ground water to contact the liners, sludges, pondcrete, and contaminabon media due to 
the fluctuabons in the ground water elevabon will be eliminated by the installabon of a 
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subsurface dmnage layer installed beneath the CAMU 
isolate the contaminated media from inhalabon, direct 
pathways 

The proposed IM/IRA wdl effecbvely 
contact, ingestion, and surface water 

The sludges have been determined to be both charactenstrc (D006) and listed (F001, 
F002, F003, F005, F006, F007, and F009) hazardous waste (EG&G 1992a) Pondcrete was 
generated from the treatment of the hazardous sludge, and therefore, the pondcrete would need 
to be managed as a hazardous waste based on the applicabon of the treatment rule [6 CCR 1007- 
3, 261 3(c)(2)(i)] Since hsted hazardous waste was placed mto the SEPs, contammated hers  
and sods may need to be managed as hazardous waste based on apphcauon of the mlxture rule 
[see 6 CCR 1007-3, 261 3(a)(2)(iii)] and EPA’s “contamed-in” policy [see OSWER Dmtwe 
1944 1989(30) and 58 FR 481231, respectwely Although sufficient charactenzabon informahon 
exlsts to demonstrate the effectweness and protectweness of the C A W ,  addibonal samples 
would need to be collected and analyzed to demonstrate compliance with LDR protubibons 
Since CAMUs are exempt from LDRs, the bme and expense required for the unnecessary 
addihonal samples would not be required Eliminatmg this sampling event would expedite the 
remediabon effort and reduce overall costs 

Since matenals to build the final engineered cover are readily avsulable and special 
equipment wdl not be necessary, the cost of the remedy will be relatwely low when compared 
to treatment or offsite disposal costs The CAMU will allow for the consolidabon of the 
contammated soil, liners, sludges, pondcrete, and debns into a smaller area, therefore, a smaller 
final engineered cover could be constructed, which would reduce the cost Also, operatmg costs 
will be low and will only require routme mantenance and post-closure monitonng This 
proposed IM/IRA complies with the State of Colorado requirements for the closure of an intenm 
status surface impoundment and can be implemented to comply with all idenhfied ARARs The 
CAMU will provide a cost-effectwe means of waste management through consohdabon of the 
contaminated matenals and soils while ensunng protecuon of human health and the environment 

2) Waste management activities associated with the CAMU shall not create 
unacceptable risks to humans or the environment resulting from exposure to 
hazardous wastes or hazardous constituents. 

The waste management actwibes (consolidation and isolabon of contaminants) associated 
with the CAMU will not create an unacceptable nsk to humans or the environment The 
excavahon and consolidahon of the liners, pondcrete, sludge, and contaminated soils could 
generate fugitwe partuxlate emissions However, sur modeling results (see Secbon IV 10 3) 
indicate that the potentml exposure to workers, onsite personnel, and the offsite public is 
insignificant Therefore, the use of personal protectwe equipment and emssion controls may 
not be required dunng some of the remediabon acbvibes, however, dust suppression will be 
implemented as requlred dunng these acbvities to mihgate surborne parkulates as a good 
management pracbce In addihon, ambient sur monitonng may be performed in accordance with 
the Plan for Prevenbon of Contaminant Dispersion (PPCD) and the health and safety plan around 
the CAMU to provide surveillance of the emission controls If monitonng indicates that 
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parhculate levels exceed predetemed levels, addibonal engmeenng controls can be 
implemented to reduce auborne contaminant levels Potenhal addihonal controls mclude dust 
inhbitors and wmd screens 

3) The CAMU shall include uncontaminated areas of the facility, only if mcludmg such 
areas for the purpose of managing remediation waste 1s more protective than 
management of such wastes at contaminated areas of the fachty. 

All remedial acbvibes can be completed without ubhzmg any uncontammated area The 
CAMU is located in areas where soil concentrabons exceed PRGs 

4) Areas within the CAMU, where remediation wastes remain in place after closure of 
the CAMU, shall be managed and contained so as to control, minimize, or eliminate 
future releases to the extent necessary to protect human health and the environment. 

Pursuant to 6 CCR 1007-3,265 228, the ownedoperator must remove or decontarmnate 
all contaminated wastes and manage them as hazardous wastes or the owner/operator must close 
the impoundment and provide post-closure care for a landfill The proposed IM/IRA would 
close the surface impoundment as a landfill leawng remediabon wastes in place The 
contaminated sods and media at concentrabons exceeding PRGs will be consolidated beneath the 
conservabvely designed final engineered cover The final engineered cover will be constructed 
from natural matenals with known durability A low permeability layer will have a hydrauhc 
conduchvity that is less than or equal to the hydraulic conducbvity of the natural subsurface 
soils This wlll minimize the potenhal for precipitabon to infiltrate into the consohdated 
matenals Sechon IV 3 provides a detaded discussion of the final engineered cover In 
accordance with 6 CCR 1007-3, Part 265, Subpart G, the final engineered cover will control, 
minimize, or ehminate post-closure escape of hazardous waste to the ground water, surface 
water or atmosphere to the extent necessary to protect human health and the enwonment 

A subsurface dmnage layer will be installed at the mean hstonc high ground water 
elevahon beneath the CAMU This system will prevent the ground water from nsing into the 
C A W  and contacbng the consolidated contaminated soil and matenals With the use of this 
dmnage system, the potenhal of contaminants leaching from the CAMU into the ground water 
due to the fluctuahons in the ground water elevabon will be minimized 

A post-closure monitonng program will be implemented to provide an early warnmg 
system designed to idenhfy when the potentnl exists for contaminant migrahon to enter the 
ground water The monitonng program is designed to detect infiltrabon of precipitabon through 
the cover and the presence of contaminants in the vadose zone Monitonng wells will also be 
provided as an early warning to determine if contaminants may be migrahng into the ground 
water An overview of the monitonng program is dekuled in Part V 
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In addihon to these monitonng systems, the final engineered cover wlll be penodically 
mspected to ensure that erosion control measures are intact as part of the mamtenance program 
outhned in Part V 

5) The CAMU shall expedite the tuning of remedial activity rmplementation, when 
appropriate. 

The C A W  would expedite the implementahon of the remedial achwhes The CAMU 
wdl elimmate the need to collect and analyze addihonal samples for LDR determmahons This 
addihonal samplmg effort is not necessary since exishng RFYRI charactenzahon informahon 
adequately demonstrates that the proposed IM/IRA is protechve of human health and the 
envlronment By ehminahng the need for this sampling effort, the CAMU will expedite the 
excavahon achvihes by allowng conhnuous excavahon of the liners, soil, and debns, and 
conhnuous consolidahon of sludge and pondcrete Also, the CAMU allows for the consolidahon 
of contammahon mto a smaller area thus reducing the hme for construchng the final engineered 
cover 

6) The CAMU shall enable the use, when appropnate, of treatment technologies 
(including innovative technologies) to enhance the long-term effectiveness of remedial 
actions by reducing the toxicity, mobility, or volume of remediation wastes that will 
remain in-place after closure of the CAMU. 

Treatment of the remediahon waste to enhance the long-term effechveness by reducing 
the toxicity, mobility, or volume is not required for the preferred IM/IRA Sludge and 
pondcrete will be processed as required to meet the performance cntena estabhshed in Sechon 
IV 2 3 for consolidahon beneath the final engineered cover The final engineered cover in 
conjunchon with the subsurface dmnage system will fully meet the IM/IRA performance 
objechves by reducing the mobility of the remediahon wastes by effechvely isolahng the 
contaminated liners, sludge, pondcrete, soil, and debns from the ax, direct contact, ingeshon, 
surface water, and ground water exposure pathways 

The CAMU will enable the implementahon of a remedy that will provide long-term 
effechveness to protect human health and the environment The proposed IM/IRA will reduce 
the mobility of contaminants due to precipitahon and infiltrabon into the C A W  as demonstrated 
by VLEACH modeling results (Sechon IV 10 4) The results show that the residual nsk 
associated with leaving untreated contaminated media under the final engineered cover is 
protechve to human health and the environment The proposed IMARA will also reduce the 
mobility of contaminants due to fluctuahons in the ground water elevahon by installing a 
subsurface dmnage layer (and potenhal UITS) to minimize the ground water entenng the 
CAMU 
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7) The CAMU shall, to the extent practicable, minimize the land area of the facility 
upon which remediation wastes will remain in place after closure of the CAMU. 

With the CAMU, consolidahon of the contaminated soils and media can m u r  and wdl 
significantly mimmize the areal extent of OU4 upon which remediahon wastes wlll remam in 
place after closure The unconsohdated area for the SEPs and the contaminated soils present 
wthm the northern Mlside represent approximately 1,800,000 f? However, with the 
consohdabon of the contaminated soils the final engineered cover only requires approximately 
500,000 fp Of this total area for the cover, remediabon waste would represent 400,000 e 
The consolidahon of the OU4 contamination represents 78% reduchon of the onginal 
remediahon zone 

IV.11.4.2 CAMU Implementation 

To obtam a CAMU designahon, the existmg RCRA Part B permit is required to be 
modified or an order is required to be issued by CDPHE With approval of this decision 
document, CDPHE approves this CAMU The purpose of this sechon is to demonstrate 
compliance with the requirements required to be specified in the permit modificabon or order 
It is intended that this demonstrahon will fulfill CDPHE’s obligabons to modify the exisbng 
RCRA pemut in accordance with the process specified in the IAG Table IV 11-3 provides 
informahon demonstrahng compliance with the CAMU designahon requirements 

The CAMU does not change CDPHE’s exishng authonty to address clean-up levels 
These clean-up levels (in PRGs) are presented in Sechon III 2 

IV.11.4.3 CAMU Closure 

CAMU closure requirements shall be idenhcal to the OU4 closure requirements addressed 
in this Decision Document In establishing these requirements as closure requirements for the 
CAMU, the mandated factors have been considered [6 CCR 1007-3, 264 552(e)(2) and (4)] 
These factors and where they are addressed in this Decision Document are presented in Table 
IV 11-3 Cerhficahon of closure for the OU4 SEPs shall also conshtute cerhficahon of closure 
for the CAMU 

IV.11.5 Request for a Temporary Unit Designation 

To successfully implement the processing of the sludge and pondcrete remediahon wastes, 
the DOE requests that two temporary units (TU) be established The establishment of a 
temporary unit is pemussible under the February 16, 1993 final ruling for CAMUs/TUs, which 
was adopted by the State of Colorado on July 30, 1994 The TU designahon wlll provide the 
regulatory mechanism and locahon for processing remediahon wastes (sludge ahd pondcrete) 
pnor to their disposibon beneath the final engineered cover 
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In reviewmg the regulatory requirements for obtiuning and implementmg the TUs, the 
pre-amble for TUs pubhshed m 58 FR 8658 specifies that only tanks and contamer storage units 
used for the treatment or storage of remediahon wastes will be eligible for designahon as 
temporary units A review of the RFETS RCRA Part A Permit indicates that Pad 750 has 
intenm status for the storage of solids and as revised under Revision 13, the storage of tanks on 
Unit 25 Pad 904 has mtenm status for the storage of both liquids and sohds as well as mtenm 
status for the treatment (reprocessing) of pondcretdsaltcrete Therefore, Pad 904 (Unit 15B and 
Umt 35) meets the substantwe requmments of 6 CCR 1007-3, 265 for contamer storage and 
treatment Pad 750, currently a 6 CCR 1007-3, 265 Subpart J umt (Unit 25), meets the 
substantwe requirements for storage Therefore, Pads 750 and 904 have been selected to have 
the TUs based on the proximity of these pads to the SEPs, the established safeguards, and the 
exlstmg RCRA mtenm status for the ponds The RCRA intenm status for Pad 750 wdl have 
to be modified via a Class III permit modificahon to facilitate the processing of sludge 

The TU requirements specified in 6 CCR 1007-3, 264 553 are discussed below 

For temporary tanks and contamer storage areas used for processing or storage of 
hazardous remediahon wastes, dunng remedial achvihes required under 264 101 or 
RCRA sechon 3008(h), the CDPHE may determine that a design, operatmg, or closure 
standard applicable to such umts may be replaced by altemahve requirements which are 
protectwe of human health and the environment 

Any temporary unit to which altemahve requirements are applied in accordance with 
paragraph (a) of this sectron shall be 

Located within the facllity boundary; and 

A site map, Figure IV 1 1-1, idenhfies the locahon of the TUs These locahons, Pad 750 
for the processing of sludge and Pad 904 for the processing of pondcrete, are within the facihty 
boundary 

2) Used only for processing or storage of remediation wastes. 

Any of the wastes processed in the two proposed TUs will have onginated from the SEPs 
or the clanfier, and therefore, by definihon, are considered remediahon wastes The wastes will 
be either pondcrete or sludge which were removed from the SEPs in support of SEP 
charactenzahon and closure achvihes The wastes which are currently stored on Pads 750 and 
904 will remam in storage at the facility pnor to processing The wastes will be processed on 
the two idenhfied pads for compliance with the waste acceptance cntena for dispositron beneath 
the final engineered cover The processed sludge and pondcrete will be temporanly stored on 
TU pads pnor to being transported for final disposihon beneath the final engineered cover 
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1. TABLE IV.11-3 
COMPLIANCE WITH CAMU DESIGNATION REQUIREMENTS 

CAMU Pemt Requuements 

(1) The aced configuration o f  the CAMU 

(2) Req~~uwnents for remediahon waste 
management to mclude the specification of 
apphcable design operation and closure 
requirements 

Reqwrements for ground water momtonag 
that ace sufficient to 

Contmue to detect and to characterize the 
nature, extent, concentration, dmhon, and 
movement of existmg releases of hazardous 
conshtuents m ground water from sources 
located wth m the CAMU, and 

Detect and subsequently characterize 
releases of hamdous conshtuents to ground 
water that may occur from areas of the 
CAMU m wluch remediation wastes will 
remam m place after closure of the CAMU 

(4) Closure and postclosure requirements 

(1) Closure of corrective achon management 
unlts shall 

(A) Mmnuze the need for further mamtenance, 

(B) Control, mmmrze, or elinmate, to the 
extent necessary to protect human health 
and the environment, for areas where 
remediation wastes remam m place, post- 
closure escape of hazardous waste, 
hazardous constituents, leachate, 
contammated runoff, or hazardous waste 
decomposition products to the ground, to 
ground water, to surface waters, or to the 
atmomhere 

IM/IRA-EA Decision Document Se 
Reference 

Figure IV 11-1 idenhfies the boundary o f  the 

Sechon IV 3 1 U s  the engtneered cover a 
subsurface dramage layer Sechon IV 4 detru 
waste management plan, Sechon V idenhfies 
momtonng and miuntenance programs 

Section V identifies the momtomg and &56es 

programs A postclosure perrmt apphcatlon 
prepared and submtted to CDPHElEPA pna 
closure of the SEPs 

proposed CAMU 

Section IV 3 1 idenhfies design detruls to mu 
mamtenance requirements and Section V out1 
postclosure requirements A postclosure pe 
application will be prepared and subnutted to 
CDPHEEPA pnor to closure of the SEPs 
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e TABLE IV.11-3 (Continued) 
COMPLIANCE WITH CAMU DESIGNATION REQUREMENTS 

11 CAMU Perrmt Requrrements 

(ii) Req~urements for closure of any CAMUs 
shall mclude the followg, as appropnate 
and as deemed necessary by the CDPHE to 
protect human health and the envmnment 

(A) Requrements for excavahon, removal, 
treatment or contarnment of remediation 
wastes, 

For areas m whch remediahon wastes will 
remam after closure of the CAMU 
requirements for l u g  and/or cappmg of 
such areas, 

(B) 

C) Requrements for removal and 
decontamlnatlon of equipment, devices, and 
structum used m remediation waste 
management achvities wthm the CAMU 

In establishmg specific closure requirements 
for CAMUs under 264 552(e), the CDPHE 
shall consider the followmg factors 

(m) 

(A) CAMU charactenshcs, 

(B) Volume of remediation wastes whch 
rem 111 place after closure, II 

(C) Potential for releases from the CAMU, II 
~~~~ 

(D) Physical and chemcal charactenstics of the 
remediation waste, 

(E) Hydrologd and other relevant 
envmnmental conditions at the facility 
whch may mfluence the mgration of any 
Dotential or actual releases. and 

(F) Potential for exposure of humans and 
environmental receptors if releases were to 
occur from the CAMU 

IM/IRA-EA Decision Document Secbon 
Reference 

Secbon IV 1 detarls the excavahon of  the 
con- media and sod and subsequent 
consolidahon of these matenals beneath the 
enpeered cover 

Sechon IV 3 5 and IV 3 6 detad the treatment of 
the sludge and pondcrete 

Sechon IV 3 1 detruls the selected enpeered cover 
and the subsurface dramage layer 

Sechon IV 4 detads the waste management plan 

Section IV 11 4 identifies the CAMU designahon 
request 

Sechon IV 3 1 1 identifies anticipated volumes 

Sechon IV 10 4 identifies VLEACH modelmg 
resUlts 

The physical and chemcal charactenshcs of the 
remediation waste are provided m Section 111 2 
wbch idenhfies the COCs and PRGs 

Section I 4 identifies site charactenshcs and 
envmnmental settmg 

Sechon IV 10 considers the potenbal for releases 

Section IV 10 identifies nsk analysis and potential 
impact determumtion 
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TABLE N.11-3 (Continued) 
COMPLIANCE WITH CAMU DESIGNATION REQUIREMENTS 

CAMU P e m t  Requuements 

(iv) Postclosure requirements as neceSsary to 
protect human health and the envmnment, 
shall mclude, for areas where remediation 
wastes will rem m place, momtonng and 
rmuntenance activities, and the frequency 
with whch such achvihes shall be 
performed to ensure the mtegnty of any 
cap, final cover, bottom her@), or other 
contamment system, and, m all mstances, a 
notation to the deed to the facility property 
that will m perpetuity notify any potential 
purchaser of the property that the land has 
been used to manage hazardous wastes 

The CDPHE shall document the rationale 
for designatmg CAMUs and shall make 
such documentation avadable to the public 

(0 

~ 

(g) Incorporation o f  a CAMU mto an existmg 
p e m t  must be approved by the CDPHE 
accordmg to the procedures for CDPHE- 
mtiated p e m t  modifications under 9 
100 61 of these regulations, or according to 
the p e m t  modification procedures of 9 
100 63 of these regulations 

~~ 

(h) Incorporation of a CAMU mto a new 
p e m t  must be approved by the CDPHE 
accordmg to the p e m t  review and issuance 
procedures of 100 5 of these regulations 

(1) Incorporation of a CAMU, where the 
remediation wastes whch will remam m 
place are hazardous wastes, mto an order 
issued pursuant to 9 265 5 must be m 
accordance with the pemts by rule 
provisions of 9 100 21(e) of these 
redations 

IM/IRA-EA Decision Document Secbon 
Reference 

Section V outlmes the momtonag systems program 
A postclosure p e m t  apphcahon wll be prepared 
and subrmtted to CDPHEEPA pnor to closure of 
the SEPs 

The DOE WIII be responsible for providmg the 
appropnate notahon to the property deed 

The rationale of the proposed CAMU IS provided as 
Section IV 11 4 1 

~ ~ 

The CAMU is required to facilitate the closure and 
corrective action of the SEPs 
Paragraph 16 of the IAG, it is mtended that the 
IM/IRA-EA decision document will fulfill the 
CAMU designation pemttmg and approval 
requirements imposed by the CHWA 

Pursuant to 

~ ~ ~ ~~ 

The CAMU is required to facilitate the closure and 
correchve action of the SEPs Pursuant to 
Paragraph 16 of the IAG, it is mtended that the 
IMARA-EA decision document wll  fulfill the 
CAMU designation pemttmg and approval 
requirements imwsed by the CHWA 

The CAh4U is required to facilitate the closure and 
corrective action of the SEPs Pursuant to 
Paragraph 16 of the IAG, it is mtended that the 
IMAM-EA decision document will fulfill the 
CAMU designation pemttmg and approval 
requirements imposed by the CHWA 
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e TABLE IV.11-3 (Continued) 
COMPLIANCE WITH CAMU DESIGNATION REQUIREMENTS 

CAMU Permit Requirements 

6) The designahon of a CAMU does not 
change CDPHE’s emstmg authonty to 
address cleanup levels, media-specific 

remediation at a facility, or other r e d y  
selection decisions 

poults of comphance to be apphed to 

IM/IRA-EA Decision Document Sechon 
Reference 

The proposed CAMU is not mtended to change 
CDPHE’s exlstmg authonty to address cleanup 
levels These cleanup levels are established and 
approved through the PRG process 
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(c) In establishing standards to be applied to a temporary unit, the Department shall 
consider the following factors: 

1) Length of time such unit will be in operation; 

It is anbcipated that processing operabons will be completed withm the 1 year bme 
frame 

2) TypeofuniQ 

Bath pondcrete and the sludges will be processed in independent tank systems set-up on 
the pads which currently are stonng the specific remediabon waste It is planned that the 
processing operabons will be performed in self-conmned, slud-mounted, pre-piped, and pre- 
w ~ e d  packaged units Whenever possible, these units will be movable and will umze standard 
"off-the-shelf' equipment Process units are further descnbed in Secbons IV 3 5 and IV 3 6 

3) Volumes of remediation wastes to be managed; 

The TUs will be utdlzed for the management and processing of pondcrete and sludge, 
and waste packagmg The following engineered estimabons idenbfy the type of waste and the 
esbmated volume of each matenal 

Remediabon Waste 

Pondcrete 

Cubic Yards 

10,Ooo 
Sludge 5,000 

4) Physical and chemical characteristics of the remediation wastes to be managed in the 
unit; 

Radiological and chemical charactenzabon data for the liquids and sludges from the SEPs 
and the clanfier as well as data for pondcrete, liners, and soils are presented in Table IV 10-1 1 
Average Contaminant Concentrations 

The physical charactensbcs of the sludge are settled solids and a liquid phase 

The pondcrete was generated through a process that combined the SEP sludges with 
Portland cement Secbon 1 0 descnbes the pondcrete process including addibves used for the 
block formahon These pondcrete blocks are now in vanous forms of stability Some of the 
blocks remam in then onginal solid form where as others are disintegratmg 
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5) Potential for releases from the unit; 

Potenbal releases from the OU4 TUs dunng processing acbvibes could possibly occur 
through one or more of the following sources 

1) Unprocessed sludge (liquid), 
2) Processed sludge (solid), 
3) Pondcrete (sohd), 
4) Re-processed pondcrete (solid), and 
5) Airborne partmlates 

Although releases are not anbcipated dunng remediabon acbvibes, the conbngency plan 
as referenced in Part IV will be implemented, as appropnate, in the event of a spill It should 
be noted that most of the waste forms will be in the solid phase which would be easy to control 
and clean up if a spill occurs 

To prevent the release of surborne parbculates dunng processing operabons, a senes of 
filters will be ublmd The storage silos will be equipped with a passive venbng and dust 
collecbon system to control any emissions dunng delivery or process operabons The processing 
will be performed m a tent like structure with a dust collecbon system for the units 

Both pads currently have intenm status for the storage of liquids As a result of this 
status, the pads have asphalt berms to prevent precipitabon that accumulates on the pads from 
reachmg the penmeter ground The berms are designed with a dramage collechon system which 
removes precipitabon through a senes of pipes The desbnabon of the precipitabon is contmgent 
upon venficabon that no spills have occurred on the pad If it is determmahon that the 
precipitabon has come in contact with a spill, the liquid will be routed to Building 374 
evaporator for processing 

a 

In addibon to precipitabon collecbon efforts, the pads are subject to dady and weekly 
inspecbons and the processing equipment will be subject to inspecbons dunng penods of 
operabon There is also an sur sampling effort for occupied areas as required by 10 CFR 835 

6) Hydrogeological and other relevant environmental conditions at the facdity which 
I 

may mfluence the migration of any potential releases; and 

The water elevabon levels measured beneath Pad 903 which is conbguous to the Pad 904 
ranged from a minimum depth of 11 10 feet to a maximum depth of 20 98 feet These 
measurements were taken from wells no 0987 and no 1087 Well no P207389 located near 
the solar pond area idenbfied water elevabon levels at a minimum depth of 5 94 feet to a 
maximum of 8 85 feet 

Based on the types matenals being processed within the two "Us, it is perceived that 
there shall be no impacts will occur to either hydrogeological resources or the environment 
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This is based on the safe guards currently established for the pads as noted in above response 
and the safe guards to be established on the processing equipment 

Secbon 1 4 idenbfies site charactensbcs and the environmental setbng Secbons 114 and 
115 provide geological informabon 

7) Potential for exposure of humans and environmental receptors if releases were to 
occur from the unit. 

The sludge and pondcrete processing operabons will be conducted wthin the confines of 
a tent ldce structure The confines of the tent will significantly reduce any possibility of a 
release from one of the processing units to an environmental receptor Furthermore, the storage 
silos will be equipped with a passive venbng and dust collecbon system to control any emissions 
dunng delivery or process operabons The dust collecbon system will reduce any nsk associated 
with the process operabons to the employees or a release to the environment 

Under (c)(5), the text idenbfies current provisions to limit the potenbal of release from 
the urut 

d) The CDPHE shall speclfy in the permit or order the length of time a temporary unit 
wdl be allowed to operate, to be no longer than a penod of one year. The CDPHE 
shall also speclfy the design, operating, and closure requirements for the unit. 

As noted in (c)(l), the proposed TUs will operate for a duration of one year 

The design and operatron of the two processing units are discussed in Secbons IV 3 5 and 
IV 3 6 

Secbon IV 11 5 1 further discusses the processing equipment operabons and Secbon 
IV 11 5 2 detatls the closure requirements for the tank system 

(e) The Department may extend the operational period of a temporary unit once for no 
longer than a period of one year beyond that originally specified in the permit or order, if 
the Department determines that: 

(1) Continued operation of the unit will not pose a threat to human health and the 
environment; and 

(2) Continued operation of the unit 1s necessary to ensure tunely and efficient 
implementation of remedial actions at the facility. 

It is currently preceived that an extension to the inrbal operabng penod will not be 
required 
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(9 Incorporation of a temporary unit or a time extension for a temporary unit into an 
existing permit shall be: 

(1) Approved in accordance with the procedures for CDPHEinitiated permit 
modifications under Q 100.61; or 

(2) Requested by the owner/operator as a Class II modification according to the 
procedures under Q 100.63 of these regulations. 

Under the guidehnes of (f)(2), the DOE shall issue an applicabon for a Class III permit 
modificauon to the exlstmg RCRA permit in support of the CAMU CDPHE will review and 
approve any modificahons to the permit This decision document is the permittmg mecharusm 
for the T U s  

(g) Incorporation of a temporary unit or a tune extension for a temporary umt into a new 
permit shall be approved by the CDPHE according to the permit review and issuance 
procedures of Q 100.5 of these regulations. 

This secbon of the TU requuements would not be applicable 

(h) Incorporation of a temporary unit or a time extension for a temporary unrt into an 
order issued pursuant to Q 265.5 must be in accordance with the permits by rule provisions 
of Q 100.21(e) of these regulations. 

This secbon of the TU requirements would not be applicable 
a 

(i) The CDPHE shall document the rationale for designating a temporary unit and for 
grantmg tune extensions for temporary u ~ t s  and shall make such documentation available 
to the public. 

Documentauon is avalable in the DOE public reading rooms, from DOE, Rocky Flats 
Field Office (RFFO), or from CDPHE 

IV.11.5.1 TU Processing Equipment Operations 

The pondcrete size reducoon and processing system wlll be situated on the Pad 904 
(RCRA Unit HA) for processing of pondcrete Storage space to support the process will be 
used m and around the tent Currently Pad 904 provides intenm storage for approximately 
8,000 tnwall contatners, 20 to 30 half-crates, and numerous drums of pondcrete currently stored 
in Tents 8 through 11 The pondcrete wll be removed from storage, size reduced to 0 5-inch 
or smaller, treated wth a mlxture of lime and cement to adsorb any free moisture and mihgate 
any pathogens or gas-producing microorganisms The purpose for mixing the size reduced 
pondcrete with bullang agents such as sand or other addibves is to produce a processed waste 
which sahsfies the Waste Acceptance Cntena for the "Contaminated Media" layer of the OU-4 
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Intenm Remedial Acbon (IRA) closure area Processing equipment associated with the 
pondcrete reducbon and processing system will operate in accordance wth apphcable WETS 
Health and Safety and Environmental Standards Secbon IV 3 6 provides a detiuled discussion 
on pondcrete processing operabons 

The mobile sludge processing system will be assembled in Tent 12 on Pad 750 (RCRA 
Umt 25) Storage space to support the process will be used in and around the tent This pad 
currently is an intenm status storage pad with tents that house the 66 10,OOO gallon sludge 
storage tanks The fnable product processing system will be estabhshed to prepare the sludge 
for placement under the OU-4 final engineered cover Pmxssmg equipment associated with the 
fnable product processing system will operate in accordance with all applicable WETS Health 
and Safety and Enwronmental Standards Section IV 3 5 provides a detiuled discussion on 
sludge process operabons 

Both the pondcrete and the sludge processing systems will be designated as TUs Upon 
complebon of the processing phases, it is envisioned that the TU processing equipment will be 
decontarmnated, decommissioned, dismantled, and removed from their respecbve pads for reuse 
or disposal The components from the processing equipment will not be placed under the final 
engineered cover since the dismantling, decontamination, and closure sequence will probably not 
be completed untd after the commencement of construcbon acbvibes for the final engineered 
cover The actual closure of the 904 and 750 pads themselves, will be deferred to accommodate 
future WETS waste storage requirements [NOTE Closure of the sludge interim storage 
tanks IS beyond the scope of this project.] 

IV.11.5.2 Temporary Unit(s) Closure Sequence 

The following discussion presents the engineenng approach for closure of the TUs The 
scope of the closure is limited to the demolibon and disposibon of the TU equipment It is 
anbcipated that the closure, demolibon, and disposibon of the components can be accomplished 
through commonly pracbced engineenng and dismantling techniques All equipment will be 
staged, and disposiboned per Secbon IV 4 (Waste Management) The closure sequence 
presented in this secbon is a preliminary planning sequence, subject to adjustment based on 
several factors such as avatlable resources, technical feasibility, regulatory considerabons, 
required control measures, and the coordination of planned OU-4 remediation acbvibes 

IV.11.5.2.1 Decontammation and Decommlssioning of the Temporary Units 

Upon complebon of the pondcrete and sludge processing acbvities, the TU equipment 
will be decontanunated and decommissioned Pnor to demolibon efforts, all equipment will be 
inspected for the absence of residual sediments, sludges, and free liquids Waste minimizabon 
considerabons will be factored into the demolibon sequencing evaluabons It is assumed that 
intenm staging and laydown areas will be established in the immediate vicinity of the 904 and 
750 Pads 
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Decontarmnabon of the pondcrete processing system will consist of thoroughly flushing 
and nnsing with fresh water all equipment (pumps, tanks, hoppers, contamers and associated 
piping, etc ) whch came into contact with the pondcrete, the processing addihve(s), and the 
treated waste to completely remove these matenals from the equipment As required, the 
decontaminabon process may involve the use of low-pressure steam or mechanical scrubbing 
with detergent-type products or other non-hazardous solvents Waste decontaminabon fluids wlll 
be contamenzed and transferred to Building 374 for treatment and disposal 

Decommissionmg of the pondcrete processing system will consist of dismantlmg the 
major components of the system to the extent that it wll not be possible to re-acbvate this 
system on an mstantaneous, or near-instantaneous basis To this effect, flexlble connecbons 
between pieces of equipment wdl be removed, and hard connecbons will be severed Electnd 
supply to control panels and switches will be disconnected and strategic winng removed The 
storage silos will be empbed and the non-contaminated addihves will be stockpded at remote 
locabons (laydown area) or potenhally used elsewhere at the WETS 

Decontaminabon of the sludge processing system will consist of thoroughly flushing and 
nnsing with fresh service water all equipment (vacuum units, pumps, mixers, tanks, hoppers, 
contamers and piping, etc ) which came into contact with the sludge, the contammated soil, and 
the treated waste to completely remove these matenals from the equipment As required, the 
decontanunabon process may also involve the use of low-pressure steam or mechanical scrubbing 
with detergent-type products or other solvents Waste decontaminabon fluids will be 
contamenzed and transferred to Building 374 for treatment and disposal 

Decommissioning of the sludge processing system will consist of dismantling the system’s 
major components to the extent that it will not be possible to re-acbvate this system on an 
mstantaneous, or near-instantaneous basis To this effect, flexible piping and hoses will be 
removed, hard-piped connechons will be broken, blind flanges will be installed and operabng 
valves will be removed Electncal supply to control panels and switches will be disconnected 
and strategic winng removed The storage silos will be empbed and the noncontaminated 
addihves will be stockpiled at remote locabons (laydown area) or potenbally used elsewhere at 
the WETS 

The decontamination and decommission of both TUs will be stnctly manual operabons 
The effecbveness of the decontaminahon process will be venfied by the collechon and analysis 
of swipe samples or through other appropnate types of sampling This effort will determine 
equipment segregahon and management requirements 

The confirmahon sampling of the decontaminated equipment will venfy that all waste and 
addibves have been adequately removed Upon venficabon that all equipment is visually free 
of sediments, sludges, and liquids, demolihon of the TU will be conducted In addibon to the 
venficahon achvibes, any equipment or debns with radiological contaminabon will be managed 
m accordance with Sechon IV 4 (Waste Management) 
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Demolihon of the TUs will be performed in a systemahc and controlled manner Non- 
destructwe demolihon techniques for decommissioning of the TUs shall be employed to the 
extent prachcable This involves effechvely disassembling the TU processing equipment in a 
similar manner as it was erected 

' 
Throughout the closure actwihes, both engineenng and administrahve control measures 

wdl be in place to minimize the potenhal spread of contaminahon These achons wlll protect 
the workers, the pubhc, and the environment by minimizing the potenhal for axborne 
radiological and non-radiological contaminahon Typical engineered controls include physical 
barners, contamments, wettmg agents, fixahves, filtrahon equipment, and sealants In addihon 
to the engineenng controls, administratwe controls will also be implemented, including and not 
hrmted to, controlling work area accesdegress, establishing radiological control zones, 
momtonng personnel within and pnor to exit of work zones, and monitonng the success of the 
engineered and administrahve controls 

IV.11.5.2.2 Temporary Unit($ Certification of Closure 

The TUs, although subject to the OU4 IM/IRA implementahon actnmes, must be closed 
and managed according to the RCRA closure requirements The TUs will be closed in 
accordance with applicable provisions of 6 CCR 1007-3 264, Subparts G, J and S respechvely 
Since the TU equipment wdl be dismantled and removed as well as all the process related 
matenals, post closure care requirements would not be applicable as a result of the clean closure 

The 6 CCR 1007-3, 264 Subpart J standards apply to the treatment or storage of 
hazardous waste in tanks The standard and provisions under this subpart would also be 
applicable for closure of tanks and/or tank systems Table IV 11-4 idenhfies the applicable parts 
of Subpart J The 6 CCR 1007-3,264 197 standard, is directly applicable to the closure of tank 
systems At closure of the TUs, the owner or operator must remove or decontaminate all waste 
residues, contaminated equipment system components, contaminated soils, and structures and 
equipment, contaminated with waste and manage them as hazardous waste, as required The 6 
CCR 1007-3, 264 114 standard requires that all contaminated equipment, structures, and soils 
be properly disposed of or decontaminated dunng pmal or final closure These matenals shall 
be managed based on the results of charactenzation activibes following the charactenzabon 
evaluahon 
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TABLE IV.ll-4 
6 CCR 1007-3,264 SUBPART J APPLICABILITY/COMPLIANCE 

Subpart J Requirements 

9 264 190 Applicability 

' 9 264 191 Assessment of existmg tank system's 
lntegnty 

9 264 192 Design and mstallahon of new tank 
system or components 

, 9 264 193 Contamment and detection of releases 

9 264 194 General operatmg requirements 

9 264 195 Inspections 

~ 

9 264 196 Response to leaks or spills and 
disposition of lealung or unfit-for-use tank systems 

9 264 197 Closure and postclosure care 

9 264 198 Special requirements for ignitable or 
reactive wastes 

3 264 199 Special requirements for lncornpatible 
Wastes 

Applicability /Compliance 

Applicable The requirements of t h ~ s  subpart apply 
except as provided tn (a), (b), or (c) 

Non-applicable The processmg will be conducted 
m a new tank mtallahon 

Apphcable A new tank system wdl be design and 
temporanly mtalled 

Applicable Part IV 11 4 3(c)(5) identifies the 
monitonng program for both pads and discusses the 
controls that will be established for the processmg 
equipment The tent like structures will provide 
additional containment as well as dady walk through 
inspections dunng processmg operations to conlirm 
pipmg and equipment mtegnty The existmg Pad 
750 and the Pad 904 tents where the wts wll be 
installed provide adequate protection of human 
health and the environment 

Applicable The processmg tank components will 
not detenorate/fail as a result of contact with the 
processing matenals Part IV 3 identifies the 
conceptual design and discusses process operations 

Applicable The pads are subject to scheduled daily 
and weekly mspections The pads will be inspected 
h l y  and the tank processmg systems will be 
inspected dunng pen& of operation 

~ ~ ~ ~ ~~ ~ 

Applicable Response to leaks or spills will follow 
established plant practices, mcludmg implementmg 
the RCRA Contingency Plan 

Applicable Pan IV 5 2 addresses closure of the 
TU processing systems Closure will be done ln 
accordance with 264 197 However, post-closure 
care would not be applicable since all the equipment 
will be removed thus resultmg in a clean closure 

Not Applicable None of the remediation wastes 
have been classified as igmtable or reactive wastes 

Not Applicable None of the remediation wastes 
have been classified as mcompahble wastes 
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Closure of the TUs wdl comply with the standards and provisions promulgated m 6 CCR 
1007-3 264 Subpart S as well as the closure requirements applicable to the SEPs as idenhfied 
111 the ARAWTBC Compliance Demonstrahon Table (Table IV 11-1) The requirements 
idenhfied in 6 CCR 1007-3 265 l(b) are incorporated by reference, and addresses the intenm 
status facilihes and applicable closure requirements for the closure of the SEPs The closure 
cntena and actwihes for waste management will be implemented to venfy that closure is 
completed according to applicable requirements All operahons will be conducted in accordance 
with the DOE Radiahon Control Manual and the RFETS radiahon protechon requlrements 

IV.11.6 Consistency With Final Remedies 

The Comprehensive List of Technologies (CLT) data base, developed for EG&G as Task 
3 of the CMS/FS (ES, 1994), was uhlized to idenhfy process ophons that could potenhally be 
employed to remediate sods and ground water at OU4 The process ophons were selected based 
on chemical contaminants idenhfied dunng the RFI/RI field work program (Part I1 of this 
IM/IRA) and histoncal research examined while prepmng the Phase I1 RFI/RI The impacted 
media data were uhlized in combinahon with the chemical contaminants informahon to generate 
a hst of potenhal remedial ophons to ensure the selected IM/IRA would be consistent with all 
final remediahon actwihes 

It has not been deternuned if the chemical contaminants in ground water at OU4 exist at 
concentrahons that pose a threat to human health and the environment These chemicals cannot 
be considered COCs at this hme However, a list of potentaal chemical contaminant groups m 
the ground water was developed for the purpose of generatmg a list of potenhal remedial 
ophons The COCs for the soils at OU4 have been determined (Part 111 of this IM/IRA) 
mstoncal informahon concerning chemical contaminants present in the soils at OU4 has not 
been reconfirmed and its accuracy is queshonable A conservahve approach was taken in 
idenhfying chemical contaminant groups present in OU4 soils Several of the chenucal 
contaminants idenhfied in this scope of work may be eliminated in future projects 

The chemical contaminant groups idenhfied for each medium are summmzed below 

Ground Water - 

Soils and Sediments - 

Metals 
Radionuclides 
PCBs/pesticides 
Semivolahle Organic compounds 
Volatile Organic Compounds 
Other (Inorganics) 

Metals 
Radionuclides 
PCBs/Peshcides 
Semivolahle Organic Compounds 
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A search of the CLT for the above-noted contaminant groups resulted in numerous 
process opbons for treatment of both ground water and soils Only process opbons which are 
capable of treabng all of the chemical contaminants were considered for this discussion 

Ex situ treatment of the contaminated soils north of the seepline should not have an 
impact on the final engineered covers In-situ treatment of these contaminated soils should also 
be possible without impacbng the final engineered covers 

The proposed IM/IRA would not impact potenbal future ground water remediabon 
acbvibes Downgradient interceptor trenches, french drams, or pumps could be installed outside 
the final engineered cover to facilitate ex situ treatment of ground water from beneath the cover 
In situ treatment opbons should also be possible from penmeters of the cover 

Numerous process ophons were idenbfied that had the ability to treat the ground water 
at OU4 Esr situ treatment opbons include incinerabon, sedimentabon, centnfugabon, and 
filtrabonlmicrofiltrahon/ultrafiltrahon techniques Oxidabonlreducbon processes, slurry walls, 
or grout curtams could be uhlized for in situ treatment or contamment of ground water 

Conkunment ophons were alsa idenbfied for the soils and sediments at OU4 These 
contanment opbons included capping, diversion ditches, etc Ex situ treatment opbons include 
incinerahon, sedimentahon/separabon, and centnfugabon It should be noted, however, that 
excavabon of the soil in the vicinity of the final engrneered cover may cause stabilizabon 
problems for the cover In situ chemical fixabon, stabilizabon, or vitnficabon could be 
accomplished for the soils in the vicinity of the final engineered cover These processes would 
be more likely not to disturb the stability of the final engineered cover in compmson to 
excavabon opbons 

0 

The proposed closure system will not impact the ground water flow system Therefore, 
the DOE considers that the proposed closure system does not limit or constran the potenhal 
altemabves for ground water correcbve acbon Process opbons were idenbfied that could 
potenhally be employed to remediate ground water and soils at OU4 Review of these opbons 
indicated that construcbon of the closure system should not limit future ground water 
remediahon efforts as long as it’s implementabon does not require excavabon or disturbance of 
soils m the immediate vicinity of the final engineered cover The potenbal extrachon of ground 
water from beneath the final engineered cover will likely increase the stability of the final 
engineered covers’ slopes if the upper hydrostrabgraphic unit is largely dewatered causing the 
fncbon to increase at the alluvium-bedrock interface The shallow aquifer yields are very low 
which will not likely cause excessive subsidence 
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ROCKY FLATS, OU-4 
SOLAR EVAPORATION PONDS 

NUCLEAR FACILITY DESIGNATION 

Per DOE Order 6430 lA,  Umted States Department of Energy General Design Cntena, a 
nuclear fachty (pd fachty) is defined as 

"A facrllty whose operabons mvolve radioacbve matenals m such form and quanbty that 
a sigmficant nuclear hazard potenbally exlsts to the employees or the general public 
Included are facdibes that (1) produce, process, or store radioacbve liquid or solid 
waste, fissionable matenals, or tnbum, (2) conduct separabon operabons, (3) conduct 
vradiated matenals mspecbon, fuel fabncabon, decontaminabon, or recovery operabons, 
or, (4) conduct fuel ennchment operaoons " 

The remediated Solar Evaporabon Ponds (SEPs) w f l  be classified as a nuclear facility as they 
wdl ulbmately store sohd radioacbve waste matenals As discussed within Division 13, 1300- 
1 2  of the General Design Cntena, twenty different types of special facihbes have been 
designated The most appropnate designabon for the SEPs is that of Radioacbve Solid Waste 
Fachty (RSWF) 

Radioactwe Sohd Waste Fachbes store, treat, and dispose of the range of solid waste generated 
by DOE nuclear fachbes and reactor facihbes These facihbes contam high-level, low-level, 
and transuraruc-contartunated soIid waste mcluding radioacbve mixed waste These radioactwe 
sohd waste fachbes may be separate facdibes or they may be adjunct to another type of nuclear 
faclllty (e g , a high-level sohd waste storage facilihes associated with a reprocessing facility) 
The environmental, safety, and health concerns to be addressed to fulfill the design requirements 
for these facdibes vary significantly according to the nature of the waste, the waste management 
techniques that are implemented, and the charactensbcs of the facility site 

0 

DOE Order 6450 lA,  "General Design Cntena", specifically addresses the requirements 
associate with the design of a RSWF The SEPs are considered to fit into this category as some 
of the contaminated soils, liners and debns that exceed the calculated PRGs will be placed under 
the final engineered cover once the fachty is remediated There is no intent to actually turn this 
site into an acbve (operabonal) disposal facility Because of this, some aspects of the regulabons 
pertamng to the RSWFs are not apphcable to the partxular OU4 situabon The requirements 
designated withm 6430 1A as specifically pertarning to RSWFs and their applicability to the 
OU4 remediabon acbvibes are discussed within the secbons 
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"For those DOE facihbes regulated by the NRC, the comblned annual dose equivalent 
to any member of the pubhc m the general envuonment resultmg from discharges of 
radmctwe matenal and duect radiabon shall not exceed 25 mrem (0 25 mSv) to the 
whole body, 75 mrem (0 75 mSv) to the thyroid, and 25 mrem (0 25 mSv) to any other 
organ [40 CFR 191 03(a)] Addibonal requuements specific to these facilibes are 
provided m 10 CFR 60 and 10 CFR 61 " 

The combmed annual dose equivalent to any member of the public in the general environment 
resultmg from discharges of radioactwe matenal and duect radiabon shall not exceed 25 mrem 
(0 25 mSv) to the whole body, 75 mrem (0 75 mSv) to the thyroid, and 25 mrem (0 25 mSv) 
to any other organ Addibonally, wrbome exposure to the public will be hmited to 10 mrem/yr 

1324-2.2.2 Waste Management and Storage Facilities (Not to Include 
Disposal) 

The references specified m Secbon 13W1.4 3, Routme Releases, provide the 
appropnate dose hmts for members of the public for these facdibes " 

DOE is in concurrence with this statement a 
I 1324-3 NUCLEAR CRITICALITY SArFETy 

"Nuclear cnbcality safety at RSWFs is apphcable to those facilibes that store or process 
ennched uranium, umum-233, or transumc contammated solid waste For other 
radioactwe solid waste fachbes, nuclear cnhcality safety is not a design or operahonal 
considerabon " 

"Nuclear cnbcallty control provisions for a RSWF shall consider the following 

0 Design of radioactwe solid waste storage and/or process systems to prevent 
the carry-over of fissile matenal and other matenal capable of sustaming a 
cham reacbon from geometncally favorable porhons of the facility to other 
areas of the facihty (e g , from a compacbon area to a storage area) 

0 A system of posibve control and backflow preventors, such as a r  gaps 
(siphon breakers), to prevent inadvertent transfer of fissile matenals and 
other matenal capable of suskuning a cham reachon from geometncally 
favorable or poisoned contamers to unsafe contiuners 

OU4 Proposui WIRA-EA D a w i o a  Document 
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"Instrumentabon and control systems shall be required at a RSWF to prowde monitonng 
and control capabhbes assocmted with confinement, nuclear cnhcality safety, and 
radlabon protecbon." 

RESPONSE 

The normal operabons for thls facfity wdl be simply to remediate the SEPs Due to the types, 
quanbbes and form of the matenals that are mvolved with this remediabon effort, these special 
design features are not apphcable, and are therefore not requued 

13245.2 BiPh-Level Waste D~DOSI 1 Facilitv Cod" mement 

"Dunng the short-term penod followmg emplacement when short-lived nuclides dominate 
the hazard associated with a disposal fachty, the engineered system of barner shall 
remm effectwe and shall contam the emplaced wastes This bme penod is considered 
to lnclude at least 300 years, but not more than 1 ,OOO years following permanent closure 
Technical cntena assoclated with the engineered system of barners shall address the 

Establishment of a hgh-integnty confinement system dunng estabhshment 
(hmit the rate of release of radionuclides from the system) 

In situ stresses affectmg the engineered system of barners 

Corrosion affecbng the engineered system of barners 

Radiological effects on barner integnty 

Contact wlth groundwater" 

"Dunng the long-term penod, reliance shall not be placed on the engineered system of 
barners to contam emplaced waste Confinement dunng the long-term penod shall be 
accomphshed by the geologic semng Technical cntena associated with the geologic 
semng shall address the following 

Leaching charactensbcs of waste and waste binders 

Site and sod charactenstacs, including fractures, porosity, hydraulic 
conducbvity , sorpbon, hydraulic gradient, and thermal gradient 

Long-term geologic stability 

Groundwater travel bme 
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a ROCKY FLATS, OU-4 
SOLAR EVAPORATION PONDS 

NUCLEAR FACILITY DESIGNATION 

Per DOE Order 6430 lA, Umted States Department of Energy General Design Cntena, a 
nuclear fachty (specml faahty) is defined as 

"A fachty whose operabons mvolve radmcbve matenals m such form and quanbty that 
a slgmficant nuclear hazard potenbally exlsts to the employees or the general pubhc 
Included are fimhbes that (1) produce, process, or store radioacbve liquid or solid 
waste, fissionable matenals, or tnbum, (2) conduct separabon operabons, (3) conduct 
irradiated matenals mspecbon, fuel fabncabon, decontaminabon, or recovery operabons, 
or, (4) conduct fuel emchment operabons " 

The remedlated Solar Evaporabon Ponds (SEPs) wlll be classified as a nuclear facdity as they 
will ulbmately store sohd radioactwe waste matenals As discussed withm Division 13, 1300- 
1 2  of the General Design Cntena, twenty different types of special facilibes have been 
designated The most appropnate designabon for the SEPs is that of Radioacbve Solid Waste 
Fachty (RSWF) 

Radioactive Sohd Waste Fachbes store, treat, and dispose of the range of solid waste generated 
by DOE nuclear tkdbes and reactor facihbes These fachtm contam high-level, low-level, 
and transumc-contammated sohd waste mcludmg radioacbve mxed waste These radioacbve 
sohd waste fachbes may be separate facdibes or they may be adjunct to another type of nuclear 
fachty (e g , a hgh-level sohd waste storage facihks associated with a reprocessrng facility) 
The environmental, safety, and health concerns to be addressed to fulfill the design requirements 
for these fachbes vary significantly according to the nature of the waste, the waste management 
techques that are implemented, and the charactenstm of the facility site 

a 

DOE Order 6450 lA, "General Design Cntena", specifically addresses the requirements 
associate with the design of a RSWF The SEPs are considered to fit into thls category as some 
of the contammated sods, hers  and debns that exceed the calculated PRGs wll be placed under 
the final engineered cover once the fachty is remediated There is no intent to actually turn this 
site mto an acbve (operabonal) disposal facihty Because of this, some aspects of the regulabons 
pertamng to the RSWFs are not apphcable to the pamcular OU4 situabon The requirements 
designated withm 6430 1A as specifically pertaming to RSWFs and their apphcability to the 
OU4 remediabon actwibes are discussed withm the secbons 
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"For those DOE faahtm regulated by the NRC, the combmed annual dose equivalent 
to any member of the publlc m the general enwonment resultmg from Qscharges of 
radmactwe matenal and dmct radiabon shall not exceed 25 mrem (0 25 mSv) to the 
whole body, 75 mrem (0 75 mSv) to the thyroid, and 25 mrem (0 25 mSv) to any other 
organ [40 CFR 191 03(a)] Addihonal requuements specific to these facihties are 
pronded m 10 CFX 60 and 10 CFR 61 " 

RESPONSE 

The combmed annual dose equivalent to any member of the public in the general environment 
resultmg from discharges of radmactwe matenal and dmct r&aQon shall not exceed 25 mrem 
(0 25 mSv) to the whole body, 75 mrem (0 75 mSv) to the thyroid, and 25 mrem (0 25 mSv) 
to any other organ AddiQonally, &me exposure to the public will be hmted to 10 mrem/yr 

1324-2 2 2 Waste Management and Storage Fachties (Not to Include 
DW-1) 

'The references specified m Secbon 1309-1 4 3, Routme Releases, provide the 
appropnate dose hmts for members of the pubhc for these fachtm " 

RESPONSE 

DOE is m concurrence with thls statement 

1324-3 NUCLEAR CRITICALITY SAFETY 

"Nuclear cntmhty safety at RSWFs is apphcable to those facdibes that store or process 
emched uraruum, umum-233, or transumc contammated sohd waste For other 
radioactwe sohd waste fachbes, nuclear cnhcality safety is not a design or operaQonal 
considerahon " 

"Nuclear c n h d t y  control provisions for a RSWF shall consider the following 

Design of radioactwe sohd waste storage and/or process systems to prevent 
the carry-over of fisslle matenal and other matenal capable of sustatning a 
cham reactron from geometncally favorable porhons of the facllity to other 
areas of the facihty (e g , from a compacbon area to a storage area) 

0 A system of positwe control and backflow preventors, such as a r  gaps 
(siphon breakers), to prevent inadvertent transfer of fissile matenals and 
other matenal capable of sustatning a cham reacbon from geometncally 
favorable or poisoned contamers to unsafe contatners 
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"Instrumentabon and control systems shall be r e q u d  at a RSWF to prowde momtonng 
and control capabhhes asmted wth confinement, nuclear cntxahty safety, and 
h b o n  protecbon " 

The normal operabons for t h s  fachty wdl be simply to remediate the SEps Due to the types, 
quanbbes and form of the matenals that are involved wth this remediabon effort, these special 
design features are not apphcable, and are therefore not requved 

13244 2 Bieh-Level Waste D-1 Facrhtv Confinement 

followlng 

e 

e 

e 

e 

0 

"Dumg the short-term penod followmg emplacement when short-hved nuclrdes donmate 
the hazard associated with a disposal fachty, the engrneered system of bamer shall 
remam effectwe and shall contam the emplaced wastes This tlme penod is considered 
to mclude at least 300 years, but not more than 1 ,OOO years followmg permanent closure 
Techmcal cntena assocmted wth the engmeered system of barners shall address the 

Establishment of a hgh-integnty confinement system dunng establrshment 
amit the rate of release of radionuclrdes from the system) 

In szm stresses affectmg the engmeered system of barners 

Corroslon affectmg the engineered system of barners 

Radiological effects on bamer integnty 

Contact wth groundwater" 

"Dunng the long-term penod, rehance shall not be placed on the engineered system of 
barners to conm emplaced waste Confinement dumg the long-term p o d  shall be 
accomphhed by the geologic settmg Techmd cntena associated with the geologic 
semng shall address the following 

e Leachmg charactenstm of waste and waste binders 

Site and sod charactenstm, mcluding fractures, porosity, hydraulic 
conductwity , sorpbon, hydrauhc gradient, and thermal gradient 

Long-term geologic stabhty 

Groundwater travel hme 
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0 A slte hverson system for surface water runoff dunng operahon of the 
fachty (This system shall not be requved followmg site permanent 
closure ) 

Temporary prota%ve covers (e t , tarpath) before the complebon of the 
natural m-place sod bmer  over the low-level waste 

0 Revegatabon of the overburden layer 

0 Other swtable and rehable means for mnimwng water contact wth low- 
level waste" 

The remedlated site permeablllty charactenshcs and the design of the final engineered cover 
meet thesequements as they are related to both confinement and the mrtllmbon of contact 
with waste matenals and water 

1324-6 CONFINEMENT SYSTEMS 

1324-6 1 General 

"The followmg prowsions are typical €or Z RSWF confinement system The actual 
confinement system requnements for a specific RSWF shall be determined on a case-by- 
case basis 11 

"The degree of confinement required in a radioactwe solid waste facility is both storage- 
specific and process-specific, but in either case shall suit the most restnctwe case 
mtlc- 

"In general, the pnmary contammabon confinement shall be the radioactwe sohd waste 
processsystems equipment and associated off-gas or vent systems dunng the treatment 
stage of processing In special cases, such as radioactwe solid waste facilibes where the 
process or storage mclude corrosive or nouous matenals, the radioactwe solid waste 
process or storage system shall be totally enclosed and provided with its own ventdabon 
system and off-gas cleanup system In such cases, the radioactwe solid waste process 
or storage system shall be treated as the pnmary confinement system however, 
depending on the waste being processed and stored, the pnmary confinement and 
secondary confinement shall consists of a site-specific engineered system of barners 
(e g , drums, hners, concrete casks) when the pnmary confinement descnbed above is 
not required " 
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RESPONSE 

The remedztbon of the SEPs wdl not mclude the treatment or processtng of radioactwe matenals 
as & s c u d  wthm thrs porhon of DOE Order 6430 lA, 1324-6 1 The only matenals to be 
consohdated wthm thrs faclllty are sods, hers and debns assoclilted with the SEPs An 
exception is taken to thls requmments as the concentrabons and form of the contaminants do 
not necessitate thrs type of confinement system 

13246 3 nt Svste m 

"The secondary confinement system consists of the process cell barners and the 
ventdabon systems associated with the cells or budding, or a storage buildmg or 
structure In some cases, a drum, cask, or other waste and site-specific engineered 
barner shall provlde secondary confinement 

"The process cell andor buldmg confinement barners and associated venblabon systems 
shall be capable of perfomg their necessary funcbons followmg a DBE Other 
secondary confinements shall be considered to deterne the need to meet these 
requmments commensurate with the hazards assocnted with the radioacbve solid waste 
to be confined 

"The secondary confinement shall bedesigned to ensure that it can withstand the effect 
of server natural phenomena and man-made events, include the DBAs and the DBF 
mbated by these events, and remam funcbonal to the extent that the guidehnes in Secbon 
1300-1 4 2, Accidental Releases, are not violated 

"All penetrabons of the secondary confinement shall have posibve seals to prevent the 
migrabon of contammabon out of the secondary confinement area " 

"procesS cells shall be supphed with ventdabon an From the bulldmg venblabon system, 
and shall be provided exhaust ventdabon with sufficient capacity to ensure an adequate 
mntrded venhlation flow as requued in the event of a credible breach in the secondary 
confinement barner Pressure in the compartments shall be negatwe wth respect to the 
buddmg ventdabon system Special features (e t , a r  locks or enclosed vesbbules) shall 
be considered for access through secondary and ternary confinement barners " 

The remediabon of the SEPs will not include the treatment or processing of radioacbve matenals 
as discussed withm this porhon of DOE Order 6430 lA, 1324-6 1 The only matenals to be 
consohdated within this facihty are soils, liners and debris associated with the SEPs An 
excepbon is taken to this requmments as the concentrabons and form of the contaminants do 
not necessitate this type of confinement system 

mmlR9-2@27 W F  
IV A-9 



1324-1.1 

IV A-10 



a an mdiwdual case basis To the extent practxable, however, features shall be mcluded 
to allow volume reductton and/or immobhzabon " 

"The sohd radmactwe wastes typically associated wth RSWFs that shall be considered 
dunng the design mclude, but are not hmted to, fuel claddmg hulls, spent fuel elements 
mtended for disposal, sohdfied hgh-level hquid waste, nontransumc waste (e t , waste 
dryer sohds, nonfuel teanng components), and general trash (e g , paper, rags, gloves) 
Nuclear cntxahty safety shall be considered m the design of the solid radioactwe solid 
waste processmg fachty " 

The matenals to be consohdated under the final engineered cover wll be volume reduced as 
much as possible m order to prowde a stable base for the cover Actual volume reducbon 
techniques wdl be determmed dunng the final design process of the IM/IRA remediabon effort 
The only wastes that wll be consohdated under the find engmeered cover will be sods, liners 
and debns associated with the SEPs Nuclear cntmhty safety is not a concern for the 
remedmon of the SEPs The major isotopes, that wdl be placed under the final engmered 
cover are those sttpulated m Table III2-3, OU4 Charactenzabon, Background, and PRG 
Informahon for Potenbal Contarmnants of Concern The mobhty of these contaminants will be 
reduced 111 response to their placement under the engineered cap This placement under the cap 
const~tutes the waste treatment -of the sohd matenals 

1324-7 2 Radioactive Liauid Waste 

1324-7.2 1 Process Wastes 

"The liquid radioactwe wastes typically assocnted with RSWs thatare to beconsdered 
dunng the design mclude, but are not limted to, decontarmnatm solutrons, washdown 
soluhons, water collecbon systems, and contaminated laundry waste Nuclear cnbcality 
safety shall be considered 111 the design of the radioacbve liquid waste processing 
fachty 

No liquid wastes wll be disposed witiun the remediated SEPs 

1324-7 3 

"The anborne radioactwe wastes typically associated with radioactwe solid waste 
facilibes that shall be considered dunng the design include, but are not hmited to, the 
arborne effluents from process system vents and fission product gases Effluent system 
designs shall preclude the holdup or collechon of fissile matenal and other matenal 
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APPENDIX IV D 

APPROACH FOR THE 

SAMPLING AND ANALYSIS PLAN 

FOR BUILDING 788 (RCRA UNITS 21 AND 48) AND 

BUILDING 964 (RCRA UNIT 24) 

REMOVAL (CLOSURE) AND WASTE MANAGEMENT 

02’ 722W145  WPF e 



SECTION 1 

BUILDING 788 INTRODUCTION 

1 1  Purpose 

The followmg sections discuss the proposed approach for the samplmg and analysis plan 
(SAP) for Bulldmg 788 Issues such as the specific methodologies and quality assurance/quality 
control (QNQC) wlll be addressed as the final SAP is developed Samplmg methodologies for 
both the radiological and hazardous constments are based on the select waste/matenal 
management plan for Buildmg 788 (RCRA Umts 21 and 48) (see Section IV 4 3) from plans 
submitted m the EG&E Radiological Engmeermg "Baselme Radiological Charactemation Survey 
for RCRA #21 and #48, RWN-010-94" and EG&G RCRA Permittmg and Compliance 
"Samplmg and Analysis Plan for RCRA Closure of Umts 21 and 48 I' 

The preferred wastelmatenal management plan is to remove Buildmg 788 and anclllary 
equipment, to perform segregatlon d m g  demolibon to allow retneval of usable and recyclable 
equipment and matenal, and to stage non-recoverable waste for disposition under the final 
engmeered cover Results of samplmg and analysis will establish radiation and contamination 
levels whch will m turn provide the basis for the selection of personal protection equipment 
(PPE), the selection of contament measures requlred d m g  the demolition and slze reducuon 
of the bulldmg and equipment, the feasibllity of applymg the Best Demonstrated and Available 
Technology (BDAT) standards and/or radiological decontammtion processes, equipment release 
for unrestricted use, and other regulated reuse or disposal options 0 

[NOTE Currently, no samplmg and analysis cntena has been developed for IHSS 176 
Should it be d e t e m e d  that samplmg and analysis protocol be developed for IHSS 176, issues 
such as the specific methodologies and quality assurance/quality control (QNQC) will be 
addressed as the final SAP is developed ] 
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SECTION 2 

BUILDING 788 SAMPLING/CHARACTERIZATION SURVEY PRIOR TO 
DISASSEMBLY 

2 1 Basehe Samphg Plan 

The pnmary objectlve of the baselme samplmg program is to determme the amount and 
locatlon of both radiological and hazardous matenal contammatlon From this mformatlon, 
requlrernents will be developed for contament measures needed dumg the demolition and sne 
reduction of the buldmg and equipment The demolition, segregation, and management of these 
potentlally contammated matenals wlll be conducted m a manner that is protective of human 
health and the envlronment 

The results wlll also be used m conjunction with process knowledge and material makeup 
~fl determmg the feasibility of applymg the BDAT standards and/or radiological 
decontammation processes The demolition wastelmatenal wlll be segregated based on process 
knowledge, visual mpectlon, and sample results as requlred Matenal segregated and classified 
as recoverable will be transferred to the decontammatlon pad for the application of BDAT and/or 
radiological decontammatlon processes 

Radiological baseline samplmg will be performed m accordance with "Baseline 
Radiological Charactemation Survey for RCRA #21 and #48, RWN-01094 This plan was 
developed by the EG&G Radiological Engineemg from the source document "Environmental- 
Implementation Guide for Radiological Survey Procedures, Draft, November, 1992 " 

0 

Equipment and buildmg matenal will be "smear sampled" (wipe test) and analyzed and 
dlrect radiation surveys will be performed by the Protected Area Radiochemistry (PARC) 
sampling team Sample collection and management will be performed m accordance with the 
requlrernents of the Waste Stream and Residue Identlfication and Charactemation (WSRIC) 
Program descnption A proposed methodology for hazardous matenal samplmg for Building 
788 (mcludmg RCRA Umts 21 and 48) is located 111 the draft "RCRA Closure Plan for Intern 
Status Umts 21 and 48" provided by EG&G RCRA Compliance 

2 2 Release/Dlsposition Samplmg Program 

Equipment that has been classified as recoverable, usable, or recyclable will be resampled 
after the BDAT and/or radiological decontammtion process to determine the potential for 
conditional and unconditional release Hazardous debndequipment subject to the "Debns Rule" 
will be considered non-regulated or low-level radioactive (depending on radiological 
contamination status) debris/equipment after the application of the BDAT 
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Low-level radioactwe debns will be re-surveyed and re-sampled accordmg to the 
approved "Baselme Radiological Charactemtion Survey for RCRA #21 and #48, RWN-010-94" 
methodology Debns/equipment that meets the free release cntena for low-level radiological 
waste will be released for reuse or recycle Debns/equipment that does not meet the free release 
cntena, and for whch further decontammtion would not be effectwe, will be considered for 
regulated reuse or disposal m a regulated landfill 

a 
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SECTION 3 

BUILDING 964 INTRODUCTION 

3.1 Purpose 

The followmg sections discuss the proposed approach for samplmg and analysis of 
Bulldmg 964- (RCR4 Urut 21) Issues such as specific methodologies and quality 
assurance/quality control (QNQC) will be addressed as the final SAP is developed Samplmg 
methodologies for both the radiological and hazardous constituents (if applicable) will be based 
on the selected waste/matenal management plan developed for Buildmg 964 

The preferred waste/matenal management plan is to remove Building 964, mcludmg and 
not lmted  to rmscellaneous items from the facility, to perform segregation dunng demolition 
to allow retneval of usable and recyclable matenal, and to stage non-recoverable waste for 
disposal under the engmeered cover or at the WETS solid waste landfill Results of sampling 
and analysis will establish radiation and contammation levels which will m turn provide the basis 
for the selection of personal protecQon equipment (PPE) and containment measures required 
durmg the demolition and sue reduction of the buildmg matenals, the feasibility of applying the 
Best Demonstrated and Available technology (BDAT) standards andlor radiological 
decontamination, equipment release for unrestncted use, and other regulated reuse or disposal 
options 
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4.1 Baseline Sampling Program 

SECTION 4 

BUILDING 964 SAMPLINGKHARACTERIZATION SURVEY PRIOR TO 
DISASSEMBLY 

The pmary  objective of the baselme samplmg program is to determme the amount and 
location of both radiological and hazardous matenal contammation From h s  information, 
requrements for contalnment measures requred dumg the demolition and sue reduction of the 
buildmg matenals and miscellaneous items removed will be developed The contalnment 
measures required will be based on the seventy of radiological and hazardous constituents 
identified The demolition, segregabon, management of the buildmg materials will be conducted 
in a manner that is protective of human health and the environment 

The results of the samplmg program will also be used rn conjunction with process 
knowledge and matenal makeup m determmg the feasibility of applyrng the BDAT standards 
and/or radiological decontarmnation processes The demolition waste/material will be segregated 
based on process knowledge, visual mpection, and sample results as required Material 
segregated and classified as recoverable will be transferred to the decontamination pad for 
application of BDAT and/or radiological decontammation processes along with the recoverable 
matenal from Buildmg 788 

Radiological baselme samplmg will be performed in accordance with "Baselme 
Radiological Charactemation Survey developed for RCRA Umts #21 and #48, RWN-010-94 'I 

l h s  plan was developed by EG&G Radiological Engmeenng from the source document 
" Envronmental Implementation Guide for Radiological Survey procedures, Draft, November, 
1992 It 

Buildmg matenals and miscellaneous items removed from Buildrng 964 will be "smear 
sampled" by the PARC samplmg team and analyzed m a manner smilar to that conducted on 
Building 788 and its ancillary equipment Sample collection and management will be performed 
in accordance with the requrements of the WSRIC Program description 

4.2 Release/Disposition Sampling Program 

Buildmg material that has been classified as recoverable, usable, or recyclable will be 
resampled after the BDAT and/or radiological decontammation process to determine the potential 
for conditional and unconditional release Building matenal which may be hazardous and subject 
to the "Debris Rule" will be considered non-regulated or low-level radioactive (depending on 
radiological contamination status) waste material after application of the BDAT 

022/722446/85 WPF IV D-5 OU4 Proposed IMlIRA EA Decision Document 
February 10 1995 



Low-level radioactwe buddmg matenals and rmscellaneous items wdl be re-surveyed and 
re-sampled accordmg to the approved "Baselme radiological Charactemation Survey developed 
for RCRA Umts #21 and #48, RWN-010-94" methodology Buildrng materials and 
miscellaneous items that meet the free release cntena for low-level radiological waste will be 
released for reuse or recycle Buildmg matenals and rmscellaneous items that does not meet the 
free release cntena, and for whch further decontammation would not be effective, will be 
considered for disposal rn the WETS solid waste landfill or dispositioned under the engineered 

, 
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o u m  CONTROL PROCEDURES - 
0 Department of Enem (DO E) 

The DOE wll be responsible for implementabon of construchon acbwhes and control 
The DOE wdl conduct audits of the QMQC testmg achvihes and has the of the project 

ulbmate authonty to approve QA/QC tests 

Construction Manager (CM) 

The CM wdl be responsible for overseeing and supervising construchon actrvihes The 
CM wdl also provlde venficatton and acceptance to the contractor regardmg QA/QC tests and 
procedures The CM is also 
responsible for respondmg to the concerns of the contractor, QA/QC manager, and the design 
engmeer, if rewed The CM wdl also be responsible for documentahon of all inspechons, 
idenbficabon of requued correchve acbons, and documentabon of completed correchve achons 

The QA/QC tests wdl be submitted to the DOE by the CM 

Contractor 

The contractor wdl be responsible for perforrmng the construcbon achvihes m accordance 
with engmeenng spificahons The construchon contractors are duectly responsible for 
performance of QC acbvibes, as required in theu contracts, and report to the CM A thud party 
contractor wdl perform the QC achvihes Therefore, the QC teshng will not be performed by 
either the construcbon manager’s organuahon or the construcbon contractor’s organizabon The 
QC contractor wdl provide reports to the consmchon contractor The construchon contractors 
will forward copies of inspechon reports to the CM for each category of work performed 
(earthwork, d n l h g ,  samphg, etc ) and a summary of all correchve achons and deviahons to 
ensure the adequacy of the QC effort 

0 

Oualitv Control Insw tion Methods a nd Testing Procedures 

QC inspechon methods and teshng procedures associated with the OU4 remediahon 
achvihes are descnbed rn the following paragraphs by construchon achvity The construchon 
acbvihes are as follows 

Site preparahon, 
Excavahon of contaminated soil media, 
Backfilling of excavahons, 
Crushing of hers from SEPs, 
Placement of engineered cover components, 
Closure of exishng underground uhlihes, 
Rerouhng of exishng underground uhlihes, 
Borehole advancement, 
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mdependent tesMg labomtory Backfill testmg methods and QC venficabon checks for density 
and moisture content shall be conducted accordmg to the followmg table a 

Atterberg Lmts (ASTM D4318) 
Classifimon (ASTM D2487) 

1 Test per 5000 CY’ 
1 Test per SO00 CY’ 

Total Density (ASTM D2922) S/acre/lift 
Water Content (ASTM D3017) S/aCfehft 

Field Placement Testmg Methods and Frequencies 

Gradation (ASTM C136) 
Aggregate SoUnQreas (ASTM C88) 

M a t e d  T v ~ e  Test Method FfeUWil CY1 

A Topd/Gravel Admu 

Topsod pH (SW 846 Method 9045) 
Gradahon (ASTM D422) 
TOC (9060 modified) 
Attehrg Lirmts (ASTM D43 18) 
Number of Passesz 1 /acre/llft 

1 Test per SO00 CY’ 

1 Test per SO00 CY3 
1 Test per 5000 CY’ 

1 Test per SO00 CY’ 

1 Test per SO00 CY’ 
l/acre/hft 

Gravel 

F LowerbpmpLayer 

Gradahon (ASTM D422) 
LA Abrasion (ASTM C131) 
Classification (ASTM D2487) 
Number of Passes 

Gradation (ASTM C136) 
Aggregak Soundnm ASTM C88) 

1 Test per 5000 CY’ 
1 Test per loo00 C p  

1 Test per 5000 CY’ 

1 Test per SO00 CY’ 
1 lacrenlft 

1 Test per loo00 CY’ 

C Filter Sand Gradation (ASTM D422) 

D Fdter Sand/Gravel Gradahon (ASTM D422) 

Number of Passes 
1 Test per SO00 CY’ 
llacrelhft 

1 Test per 5000 CY’ 
l/acre/llft 

G CushonSand 

H GravelBaseCourse 

Gradation (ASTM D422) 
Classification (ASTM D2487) 

Gradahon (ASTM D422) 
Atterberg Lirmts (ASTM D4318) 
L A Abrasion (ASTM C131) 
Aggregate Soundness (ASTM C88) 
Total Density (ASTM D2922) 
Water Content (ASTM D3017) 

1 Test per SO00 CY’ 
1 Test Der 5000 CY’ 

1 Test per 5000 CY3 

1 Test per loo00 CY’ 
1 test per loo00 CY’ 
S/acre/Iife 
S/acre/hfe 

1 Test per 5000 CY’ 

I B u n d  Contarmnated Media Gradahon (ASTM D422) 
Total Density (ASTM D2922) 
Water Content (ASTM D3017) 

1 Test per SO00 CY’ 
5/acre/kfe 
5/acre/hft6 
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The Contractor shall have full responsibWy for the dmcbon of the work, for arranging 
for mspecbon of the work m progress, and for coordmabon of any mspecbon agency or 
survedlance to ensure conformance wth standards and specificabons 

Crushmg and Exca vation of Lmers from SEpS 

The h e r s  from SEPs 207-A, 207-C, and the 207-B senes SEPs will be crushed and 
excavated pnor to placement beneath the engmeered cover 

Visual observabons shall be made to ensure the matenal that is placed in the engineered 
cover as backfill has passed the crustung cntena in accordance with engineenng specificabons 

Approval of acbvibes to crush the hers  from the SEPs is the responsibility of the 
Contractor and wdl be documented in a wntten report 

The Contractor shall have full responsibrlity for the dxrecbon of the work, for arranging 
for mspecbon of the work m progress, and for coordinabon of any surveymg services, inspecbon 
agency, or surveillance to ensure conformance wth standards and specificabons 

Placement of S l u d f m c r e &  

SEP sludge and pondcrete wdl be treated for placement beneath the final engmeered 
cones Testmg and observations shall be performed to ensure the sludge and pondcrete are 
m accordance with the waste acceptance crrteria 

Placement of Matenals for the E npineered Co ver 
0 

Offsite matenals will be procured for the construcbon of the engineered cover 

The followmg m-process tests may be r e q u d  

A sufficient number of monuments and benchmarks will be estabhshed for overall 
hotlzontal and vemcal control The surveyors shall provide mibal layout, concurrent inspecbon, 
and final checkout to ensure that all work performed conforms to lines, grades, cross secbons 
and detads indicated on construcbon drawmgs 

The in-process tests shall be documented with cemfied independent third-party laboratory 
test reports and submtted to the Contractor, who in turn shall submit them to the CM for 
venficabon and acceptance All tests shall be dated and signed by the person performing the 
tests Dally reports, including a record of all m-process inspecbons and tests performed, should 
be mmmed 
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hydrostamally and/or pneumahcally pressure-tested by the contractor accordmg to design 
spmificahons 

Borehole Advancement 

A log of each bonng shall be prepared by the Contractor’s onsite geologist which notes 
hthologies encountered and other pertment informahon The geologic bonng log completed by 
the geologist shall mclude the followng informahon, at a mmimum 

Depth, 
Profile, 

D d  pressure/blow counts, 

D d h g  machmery, and 

U ~ f i e d  Sod Clasaficabon Systems (USCS) soil classificahon, 
Geologic descnpbon (includmg color, gmn sue, moisture, plasbcity , fractures, 
joints, and local formahon name, if known), 

Remarks (mcludes photoionizahon detector measures, water table mformabon, 
weather, and any pertment comments regarding dnlling), 

J3ppment decontmmahon procedures 

After a day of d n h g  is completed, the contractor’s geologist will review hidher logs 
for completeness and consistency, and will revise them as necessary Changes will be made by 
crossmg out the error with one h e  and wntmg in the corrmon along with the author’s iniuals 
and the date Field logs shall be typed for readability in reports, and shall accompany the typed 
geologlc log, without e x w o n  A Contractor oversight-geologist will ensure that these 
procedures are followed 

e 
Monitonng well/piezometer construchon wdl be observed by the contractor’s geologist 

to ensure adherence to the QA/QC plan and the project design specificahons In addihon to the 
data recorded on the geologic bonng log for complebon of soil bonngs, the following 
informahon wdl be recorded on the bomg log 

Well matenal decontamnabon procedures, 
Total depth of completed well, and 
Depth to water table after sufficient hme has elapsed to allow for water table 
stabilmhon 

Recordkeerme Dunne Well DeveloDment 

The following informabon shall be recorded by the Contractor in a bound, sequenbally 
paginated field book dunng development of each monitonng well 

Date, 
Time, 
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ATTACHMENT 1 TO APPENDIX F 

QUALITY ASSURANCE PROCEDURES 

1 0  d R m  

Purpose 

'Ih procedure wdl define the funcbonal and admuustrabve organuauons, 
assocrated responsibhbes, and hes of commumcabon r e q d  for the control of 
actlwbes affectlng quality 

scope 

Th~s procedure will apply to all programs, project a c b v i t ~ ~ ,  and O p e m O n S  

. Requuements 

The quality assurance (QA) organabonal structure, funcuonal responsibilrtxs, 
levels of authonty, and lines of control wll be documented and controlled 

2 0  Oualitv b r a n c e  Pro- m 

This procedure wlll define the acbons and responsibilitm necessary for 
implementahon and mantenance of the QA program 

This procedure wdl apply to all acbvibes affectmg quality, and to all partxipants 
111 programs or projects 

. Requuements 

A documented QA program will be planned, implemented, and mantamed tn 
accordance wth RFP procedures 

1 
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measures shall be establrshed to ensure that purchased items or s e ~ ~ c e s  conform 
to procurement document reqmments 

5 0  ctions. Procedures. and Drawin= 

Purpose 

Thls procedure wdl define the achOnS neceSSary for ensunng that design, 
procurement, envmnment mvesbgatlon, constmcbon, maintenance, operabon, and 
other a c t ~ t ~ e s  are performed m accordance with approved mstrucaons, 
procedures, and drawmgs 

This procedure will apply to achvihes requrnng a high degree of confidence that 
the item or semice meets requirements and is sahsfactory to the customer, and 
where thoroughness, accuracy, and precision are essenhal for performance 

Requirements 

Instrnc%ons, procedures, and drawmgs shall be prepared, approved, andmntrolled 
to ensure that all operabons and semces are performed and controlled w h i n  
specific guidelines and in accordance wth appropnate regulatory requirements 

6.0 Document Control 

Purpose 

This procedure will define the actrons and responsibllihes requved to control 
documents that specify quality requirements, document the achievement of qualrty, 
or prescribe achvibes affectmg quality, and to ensure that appllcabledacurnents 
are avalable at locahons where they are to be used 

' scope 

Thls procedure will apply to organizahons responsible for the control of the 
idenhficahon, classificahon, preparahon, review and approval, revision, 
mantenance, and distnbuhon of documents and records that furnish evidence of 
quallty Document control includes the achons necessary to ensure that accurate 
and current documents are avadable at the worksite and used by those performing 
achwhes affechng quality 
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Requuements 

Controls shall be establtshed and implemented to ensure that only correct and 
acccptcd items are analyzed, used, or mstalled at any stage from mbal collectton 
or recetpt through final stage 

9 0  la1 Process Control 

Purpose 

Thls procedure wdl define the achons and responslbihhes requlred to ensure that 
s p e d  pmcesscs are idenhfied and that they are performed by qualified personnel 
m accordance wth spectfied requirements 

scope 

Tius procedure will apply to all special processes (e g , welding, envuonmental 
samplmg, well dnlling, and construchon, laboratory analysrs, and nondestructwe 
examinahon) 

Processes that affwt quality shall be controlled The level of control shall be 
commensurate wth the nature of the process and its relahonship to the whole of 
the acbwty Performance shaIl be by qualified personnel umg controlled 
procedures, and control shall be in accordance wth spec~fied requuements 

Thls procedure w11 define the requirements and achons necessary for planrung, 
execuhng, and reportrng inspechons conducted to venfy that items, sennas, or 
actlvihes conform to specified requirements 

This procedure will apply to all achvihes where a high degree of confidence is 
required to ensure that the item, achvity, or service wlll meet specified 
requuements 
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Cahbratlon and control measures are not rtquved for rulers, tape measures, 
levels, and other such dances if normal commefcral equipment prowdes adequate 
=-Y 

Requrrements 

M&TE used to measure controlled charactenstlcs of items affecting quahty, 
safety, or processes shall be of the proper type, range, accuracy, and tolerance 
M&TE shall be identrfied or mantamed UI a documented usagdcahbrauon 
Program 

13 0 m d h  ne. Sto-. and 

Th~s procedure will descnbe the actrons and responsibihtles necessary for 
controllmg the handlmg, storage, and shipping of items or matenals to prevent 
damage or loss and to prevent the Telease of hazardous lnatcnals to .the 
enwonment 

scope 

This procedure applies to all actwitles that require assurance that an item or 
mated being handled, stored, or shipped is protected from damage or loss and 
from accidental release of contaminants rnto the enwonment 

Requirements 

Measures shall be established for the control of samples, waste, matenals, and 
equipment to ensure protectlon from loss, detenorahon, and physical damage and 
to ensure contamment integnty dunng handling, storage, and shipprng Acttwtres 
associated with handling, storage, and shipping shall be conducted in accordance 
wth approved instruchons, procedures, and drawings 

140 mt ion. Test. and ODerati ne Stat= 

Th~s procedure will define the actlons and responsibihtles for determining and 
identlfying the operahond status of items or systems and for ensunng that they are 
not madvertently installed, used, or operated 

7 
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Thu procedure wll apply to all corrective actlons lrutmted for nonconformance 
whch occur dunng the conduct of acbwbes and projects 

Correcbve actlons shall be takcn to prevent recurrence of condibons adverse to 
qualtty The comtlve acbon shall be documented and reported to appropnate 
levels of management and follow-up actlon shall be taken to venfy implementanon 
of the corrective actlon(s) When necessary, mvesbgatlons wll be undertaken to 
determine the root cause(s), to evaluate QA measures taken to rmtlgate causes, and 
to define appropnate technical and correchve actlons and follow-up 

Purpose 

The purpose of the procedure will be to dtscnbe the mons  and responsibihtm 
neceSSary for the idenbficatlon, control, storage, disposiuon, and remeval of 
quality-related records and documents 

' h s  procedure wdl apply to the management of quality-related records generated, 
a c q u d ,  or used by personnel, subsidiaries, or subcontractors in the performance 
of their job acbwhes For the purpose of this procedure, the term "Record" refers 
to documents, instructlons, procedures, drawmgs, and project record files 

0 Requirements 

Records furnishing documentary evidence of quality shall be mantamed and the 
requvernents for record transmittal, distnbubon, storage, retenbon, mamtenance, 
and disposihon shall be established and documented 

180 Co nduct of Aud I& 

This procedure will define the requirements and acuons necessary for planning, 
conductmg, and reportmg QA Audits 

0 022m24461Rp2&14 WPP 

9 



I 

i 
! 



APPENDIX IV.G 

SAMPLING AND ANALYSIS PLAN FOR 

VERIFICATION OF RECLAIMED AREAS 



SECTION 1 

INTRODUCTION 

1.1 INTRODUCTION 

The preferred remedial alternative for OU4 is the consolidation of contammated soils, 
he r s ,  sludge, pondcrete, and debns withrn the proposed OU4 CAMU This consolidation will 
provide an efficient means of managmg the remediation wastes whde minrmlzing the areal extent 
of the final engmeered cover The purpose of this samplmg and analysis plan (SAP) is to obtain 
the analytical information to 

0 

0 

0 

Drrect soil excavation activities, 
Venfj soil outside of the engineenng cover has been remediated to acceptable PRGs, and 
Characterne collected storm water for discharge 

The SAP is divided into the followmg subsections 

Section 2 Soil Samplmg and Analysis 

This subsection descnbes the sampling approacLA, sampling locations, sampling 
parameters, sample collection procedures, analysis, and investigative denved waste 

Section 3 

This subsection discusses the storm water management approach, sample location, 
parameters, collection requirements, analysis procedures, and investigative derived waste 

Section 4 

This section identifies the QNQC requirements 

Section 5 References 

Storm Water Sampling and Analysis 

Quality Assurance and Quality Control 

1 
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SECTION 2 

SOIL SAMPLING AND ANALYSIS 

2.1 EXCAVATION/CONSOLIDATION APPROACH 

There are four areas of excavation associated with remediation activities at OU4 These 
areas, as identified ln Figure IV G-1, are divided into three remediation zones and IHSS 176 
m e  followmg paragraphs summarrze the excavation activities for each area 

The soils under the Solar Evaporation Ponds (SEP), Zone A, will be excavated down to 
the mean seasonal high ground water elevation This excavation activity will generate 
approxnnately 129,200 cubic yards of soil No soil samples will be collected from Zone A since 
all the excavated soils will be consolidated beneath the engineered cover Furthermore, the 
removal of all soils down to the mean seasonal high GW elevation from the 207-C pond area 
will constitute the clean closure of this SEP 

The hillside, Zone B, just north of the SEPs will under go remediation activities through 
imtially excavating 6 inches of surface soil The removal of the surface soil contamination is 
expected to generate approxnnately 3,100 cubic yards of soil for consolidation beneath the 
engmeered cover Additional excavation activity within the Zone B area will be based on 
analytical results Excavation will continue to remove soil areas exceeding vadose zone PRGs 
Once confirmation sampling activities are complete, final backfilling, grading, and vegetating 0 shall commence 

The Buffer Zone, Zone C, will have 6 inches of soil removed generating approximately 
5,400 cubic yards of soil for consolidation beneath the engineered cover Upon completion of 
the imtial excavation activities, wide spread soil samples will be collected throughout Zone C 
However, excavation will not extend deeper than six inches to prevent damage to the ITS even 
if vadose zone PRGs are exceeded Upon completion of sampling activities, final backfilling, 
gradmg, and vegetatlng shall commence The sampling data will be compiled and utilized by 
the Phase I1 RFI/RI team during the assessment of the area as well as determining the 
effectiveness of the ITS system The sampling data will aid in determining what impacts any 
soil contamination will have on the ground water, directing any additional Phase I1 RFI/RI 
sampling requirements, and identifying any potential future remediation activities 

The contractor storage yard, IHSS 176, located east of the SEPs will be partially covered 
by the engineered cover as depicted in Figure IV G-1 The soils beneath the engineered cover 
will be excavated down to the mean seasonal high ground water elevation to install the 
subsurface drainage system The remaining area will initially have 6 inches of soil removed 
This will equate to approximately 1,000 cubic yards of soil for consolidation beneath the 
engineered cover Excavation will continue to remove soil areas exceeding vadose zone PRGs 
Once confirmation sampling activities are complete, final backfilling, grading, and vegetating 
shall commence 
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2.2 SAMPLING APPROACH 

Samplmg will be accomplished through the collection of composite samples which will 
represent the actual exposure nsks associated with the OU4 vadose zone Contaminants of 
Concern (COCs) Once the imtial layer of soil has been excavated (approxmately 6"), a 
composite sample will be collected from SIX contiguous gnd points The sample will be 
screened with a portable G-M detector count rate meter The meter will be utilized in 
determimng sample package handling requlrements as well as identifying samples with 
radiological contamination above background levels The verification composite samples will 
be collected and analyzed for the zadose zone COCs identified in Section 2 5, Sampling 
Parameters If the G-M reading indicates that the vadose zone PRGs are likely to be exceeded, 
verification analysis will not be conducted until further excavation is conducted to remove and 
consolidate the suspected contamination 

2.3 SAMPLING LOCATIONS 

A grid for the four prmary areas for excavation, as identified on Figure IV G-1, will be 
establishing in accordance with WETS OPS GT 17, Land Surveying The grid will facilitate 
the systematic selection of sampling locations, provide a reference for coordinating excavation 
activities, and allow the relocation of the composite sampling group in the event that the 
analytical results indicate COC concentrations that are in excess of the PRGs A systematic 10- 
meter by 10-meter grid has been selected as the basis for determining sample locations The 10 
-meter interval was used to be consistent with the remediation requirements identified in 40 CFR 
192 12 for uramum mill tailing sites Although the standards specified in this regulation are for 
radium contamination, this gnd spacing has been adopted by the NRC as the standard for site 
decommissiomng projects (NRC 1992a) This grid spacing is being incorporated for OU4 

The grid will be set up on an x-y axis with the x-axis of the grid representing the east- 
west orientation and the y-axis representing north-south The 10-meter intervals are lettered 
along the x-axis and numbered along the y-axis The combination of letters and numbers will 
eliminate the potential for transposing the x and y coordinates The grid will be referenced to 
the Rocky Flats Environmental Technology Site (WETS) coordinate system at the origin 
(AA,50) 

2.4 SAMPLING PARAMETERS 

The vadose zone soil PRGs are being utilized as the cleanup targets for OU4 based on 
the initial excavation of approximately 6 inches of soil Based on the sampling information 
contained in the Phase I RFI/RI, the surficial soil contains the majority of the contaminants 
With the removal and replacement of contaminated surface soils with clean backfill, the 
remediation of OU4 will be accomplished when the vadose zone PRGs are attained The Phase 
I RFI/RI results were also evaluated with respect to remediation area to determine whether or 
not remediation are specific-COC subsets could be identified The COC subsets are presented 
in Table IV G-1 These subsets were derived from identifying the zone specific COCs from Part 
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IV Figures IV C-1 through IV C-5 This subset was then compared against the vadose zone 
COCs identified in Part I11 Table I11 2-3, Summary of COCs Based on Risk Analysis, to 
establish the final subsets The "X's" indicate the COCs that will be analyzed for the 
venfication samples collected w i h n  the respective remediation areas 

Contmnant of 
Concern 

Cadmum 

Amencmm-24 1 

Plutonium-239/240 

Uranium-2331234 

Uranium-235 

Uranium-238 

Radium-226 

Lead 

Table IV.G-1 

Zone A' Zone B Zone C IHSS 176 

N/A X X N/A 

N/A X N/A N/A 

N/A X N/A N/A 

N/A X N/A N/A 

NIA X X N/A 

N/A X X N/A 

N/A X N/A N/A 

N/A N/A N/A X 

Remeaation Area Specific COCs 

In order to verify that the analytical results are less than the PRGs, the detection limit 
shall be a m i m u m  of 25 percent of the PRG For the purpose of this plan, the minimum 
detection lrmits are based on the PRGs Lower detection limits will be used to the extent 
practicable since lower detection lrmits provide more flexibility to average and statistically 
evaluate the results to verify that the PRGs have been obtained Table IV G-1 identifies the 
vadose zone COCs which exceed the PRGs, the associated PRGs, detection limits, and the 
analytical method Th~s COC list will be utilized for identifying potential field screening 
techmques, focusing laboratory analytical sampling procedures, and expediting remediation 
activities Analytical methodologies and their corresponding detection limits were selected, as 
applicable, in accordance with the GRRASP (EG&G 1991) 

Since all the verification analytical results will need to be defensible, a high quality 
assurance level shall be requlred throughout program As such, all verification samples are 
considered critical and the analyses will be conducted at either QA level 4 or QA level 5 The 
verification sampling results will be utilized in demonstrating compliance with PRGs If the 
results indicate that the remediation is complete, final backfilling, grading, and vegetating 
activities shall commence However, if the results indicate the presence of contaminants, 
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, 
additional samples may be collected in Zone B and IHSS 176 areas to determine if further soil 

Vadose Zone PRGs 

excavation is warranted 0 
1 ~~ ~ 

Detection Limta Analytical 
Methodology 

Table J37.G-2 
Sampling Parameters 

1 09 (pCr/g) 

1 16 (pCi/g) 

Contamrnant of Concern 

Cadmum 

0 27 (pCi/g) GRASSP 

0 29 (pCi/g) GRASSP 

Amencium-24 1 

16 70 (pCi/g) 

0 80 (pCi/g) 

3 86 (pCi/g) 

0 65 (pCi/g) 

Uranium-233/234 

Uranium-235 

Urmum-238 

Radium-226 

4 18 (pCi/g) GRASSP" 

0 2 ( P W 9  GRASSP 

0 96 (pCi/g) GRASSP" 

0 16 (pCi/g) GRASSP" 

I Lead 

18 80 (mg/kg) I 4 7 (mg/kg) I SW-846, Method 6010 11 

Not Established I Not Established 1 SW-846, Method 6010 11 
a The detection limt is based on 25% of the PRG 

GRRASP (Ceneral Radiochemistry and Routine Analytical Services Protocol) (EG&G 199 1) b 

e 2.5 SAMPLE COLLECTION 

The sample teams shall meet daily pnor to initiating field work to review the work plan 
and address health and safety requlrements The required supplies, including portable radios, 
will be provided by the subcontractor 

All samplmg equipment, whether existing or newly purchased, shall be decontaminated 
prior to use in accordance with WETS OPS FO 03, "General Equipment Decontamination It 

This decontamination requirement is designed to prevent cross contamination, prevent false 
positives, and ensure worker protection The decontamination water and wash water will be 
managed in accordance with WETS OPS FO 07, "Handling of Decontamination Water and 
Wash Water 'I Rinsate samples shall be collected according to WETS OPS FO 03 to confirm 
the effectiveness of the decontamination procedures If sample results indicate the presence of 
contamination, the sampling equipment shall not be used until it is re-decontaminated or 
replaced A sample identification tag will be prepared to track the source of the rinsate to the 
sample equipment If contamination is detected in the rinsate samples, the decontamination 
frequency shall be increased 
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Disposal latex gloves shall be worn while collectmg and handlmg the soil samples 
Samplers shall wear a new pair of gloves for each sample location as well as decontaminatmg 
the samplmg tool (stamless trowel, scoop, conng device, shovel, etc ) pnor to collecting the 
sample The soil samples will be collected m accordance with WETS OPS GT 08, Surface Soil 
Samplmg To m m n e  down-tune due to the decontammation process, multiple sets of 
samplmg equipment will be used The used sampling equipment will be wrapped in plastic for 
transport to the decontammation area 

@ 

Sample numbers will be established m accordance with WETS OPS FO 14, "Field Data 
Management In accordance with WETS OPS FO 14, the WETS sample number consists of 
a sample prefix that relates to the type of sample that was collected, a 5 digit location code, a 
two character code indicatmg the company that collected the sample, and a sample suffix relating 
to the operable urut A nomenclature system for soil sample location codes has not yet been 
developed in OPS FO 14 If a system has been developed prior to field implementation the 
procedure in OPS FO 14 will be followed, otherwise, the procedure below will be followed 

1) The first two places of the five digit location code will identify the x-axis (east- 
west) coordinate, 

2) The next two places will identify the y-axis (north-south) coordinate, and 

3) The final place will be a letter to identify the depth of the sample, "A" represents 
the 0- to 6-inch interval, "B" represents the 6- to 12-inch interval, "C" represents 
the 12- to 18-inch interval, etc 

Sample Containers will be labeled, decontaminated, packaged, and shipped according to 
WETS OPS FO 13, "Contaienzation, Preserving, Handling and Shipping of Soil and Water 
Samples 'I Only sample contamers certified as clean by the manufacturer will be used for 
sample collection The sampler shall in accordance with WETS OPS FO 13 include any 
preservatives prior to closing the sample containers and sealing them with custody tape The 
extenor of the sample containers shall be decontaminated in accordance with WETS OPS 
FO 13 Chain of Custody forms will be completed according to WETS OPS FO 13 Field 
descnptions, measurements, and observations will be recorded on appropriate field data forms 
in accordance with WETS OPS FO 13 The original data forms will be collected, bound, and 
submitted to EG&G 

2 6 ANALYSIS PROCEDURES 

At this time, it perceived that SW-846 procedures will be utilized in completing the 
analytical results for cadmium and lead The GRRASP will be utilized for the radiological 
analysis Equivalent analytical procedures may be utillzed with prior notification and approval 
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I 2.7 INVESTIGATlVE DERIVED WASTE HANDLING AND DISPOSITION 

Excess soils collected dunng samplmg activities will be consolidated withm the CAMU 
as remediation waste PPE generated dumg field operations will be handled according to the 
results of field screemng activities m accordance with WETS OPS FO 6 PPE will be bagged, 
sealed, labeled, and placed into appropnate cargo containers depending on whether they are 
potentially contammated or not Decontammtion water and wash water will be handled in 
accordance with WETS OPS FO 7,  "Handlmg of Decontammation Water and Wash Water 
Section IV 4 of the IMAM identifies requirements for the management of other waste streams 
which may be generated as part of the unplementing the IM/IRA 
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SECTION 3 

STORM WATER SAMPLING AND ANALYSIS 

3.1 STORM WATER MANAGEMENT APPROACH 

Dunng excavation activities, the potential exits for the accumulation of storm water 
During the conceptual design phase, alternatives for the control and management of the storm 
water will be investigated It is anticipated that the storm water will be channeled into drainage 
basm This action will allow for the contmuation of construction activities while maintaining 
a mechamm for captunng the storm water runoff Surface water samples shall be collected 
from the retention basin on an as needed basis to maintam adequate capacity The sample results 
will be used to determme how the storm water is to be managed The management options 
include disposition via either evaporation in Building 374 or the WETS sewage treatment plant 
in Buildmg 995 

3.2 SAMPLE PARAMETERS 

Analytical samplmg parameters for the storm water will be dictated by the limits 
established in the NPDES discharge permit The analytical methods utilized, to establish if 
contamination exists, shall be in accordance with the WETS treatment facility's currently 
accepted analytical methods 

3 3 SAMPLE COLLECTION REQUIREMENTS 

All sampling equipment, whether existing or newly purchased, shall be decontaminated 
prior to use in accordance with WETS OPS FO 03, "General Equipment Decontamination " 

This decontamination requirement is designed to prevent cross contamination, prevent false 
positives, and ensure worker protection The decontamination water and wash water will be 
managed in accordance with WETS OPS FO 07, "Handling of Decontamination Water and 
Wash Water " Rinsate samples shall be collected according to WETS OPS FO 03 to confirm 
the effectiveness of the decontamination procedures If sample results indicate the presence of 
contamination, the sampling equipment shall not be used until it is re-decontaminated or 
replaced The sampler shall attach the sample identification tag with the sampling equipment 
to track the source of the rinsate If contamination is detected in the rinsate samples, the 
decontamination frequency shall be increased Disposal latex gloves shall be worn while 
collecting and handlmg the samples Samplers shall wear a new pair of gloves for each sample 
location as well as decontaminating the sampling equipment 

Water samples will be collected in the appropriate containers in accordance with RFETS 
OPS SW 03, Surface Water Sampling The sample Containers will be labeled, decontaminated, 
packaged, and shipped according to WETS OPS FO 13, "Containerization, Preserving, 
Handling and Shipping of Soil and Water Samples " Only sample containers certified as clean 
by the manufacturer will be used for sample collection The sampler shall in accordance with 
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WETS OPS FO 13 mclude any preservatives pnor to closmg the sample containers and sealing 
them with custody tape The extenor of the sample containers shall be decontaminated in 
accordance with WETS OPS FO 13 Cham of Custody forms will be completed according to 
WETS OPS FO 13 Field descnptions, measurements, and observations will be recorded on 
appropnate field data forms in accordance with WETS OPS FO 13 The onginal data forms 
will be collected, bound, and submitted to EG&G 

4) 

3.4 ANALYSIS PROCEDURES 

The analytical methods utilued, to establish if contamination exists, shall be in 
accordance with the WETS treatment facility's currently accepted analytical methods 

3 5 INVESTIGATIVE DERIWD WASTE HANDLING AND DISPOSITION 

PPE generated dunng storm water sampling will be handled according to the results of 
screemng activities 111 accordance with WETS OPS FO 6 PPE will be bagged, sealed, labeled, 
and placed into appropnate containers based on whether they are potentially contaminated or not 
Decontamination water and wash water will be handled in accordance with WETS OPS FO 7, 
"Handling of Decontammtion Water and Wash Water " Section IV 4 of the IM/IRA identifies 
requirements for the management of other waste streams which may be generated as part of the 
IMAM unplementation 
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SECTION 4 

QUALITY ASSURANCE AND QUALITY CONTROL 

4.0 QUALITY ASSURANCE AND QUALITY CONTROL 

All QA/QC activities should be unplemented in accordance with the General 
Radiochemistry and Routine Analytical Services Protocol (GRRASP) (EG&G 1991) and the Rocky 
Flats Plant Environmental Restoration Management Quality Assurance Program Descnption 
(QAPD) (EG&G 1994) Pnor to nutiation of field work, a readiness review will be conducted 
by expenenced QA specialists Should any corrective actions be discovered, they will be 
corrected prior to commencing field work In addition to the readiness review, the QA 
specialists will conduct penodic audits and inspections of both field and laboratory operations 
to ensure that all the procedures and requirements are properly being followed 

Four types of QC samples will be collected decontammation rinsates, duplicate samples, 
container blanks, and reagent blanks Rinsate samples will be collected in accordance with 
WETS OPS FO 09 to venfy that the sampling tools are free from contamination The duplicate 
soil samples are an independent method of verifying the precision of the laboratory analysis 
To ensure unbiased results, the duplicate soil sample will be submitted to the laboratory for 

a source of contamination, one sample container per container lot will be filled with deionized 
water and analyzed Finally, all reagents used for sample preservation and equipment cleaning 
will be tested at least once to ensure that the reagents are not a source of contaminants 

, analysis without it being identified as a split sample To ensure that the sample container is not 

@ 
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GEOTECHNICAL ANALYSIS REPORT 

1.0 INTRODUCTION 

Thls report presents results of slope stability modelrng for the hdlside north of the 
Solar EvaporaQon Ponds (SEPs) at the Rocky Flats Envuonmental Technology Site 
(WETS) There are areas m the vicimty of the SEPs where past slope movements are 
evident, causlng uncertamty with respect to the stabllity of the north hillside Because 
of potential unpacts to the design of the proposed engrneered cover, slope stability 
analyses were requued prior to final deternunation of the engrneered cover configuration 
An additional stage of slope stability modellng will be performed as a function of the 
Title I1 design followmg determmtion of the ultunate cover configuration 

In addition to a discussion of the slope stability modeling, this report brxefly 
summarizes the field activities performed for the geotechcal investigation and the 
laboratory testmg performed on soil and bedrock samples taken from the vicimty of the 

1 SEPS 

2.0 FIELD ACTIVITIES 

Field samplmg activities were performed dumg August 1994 following procedures 
descnbed m the Geotechcal Investigation Workplan (Engineerxng-Science, July 1994) 
Figure 1 shows locations of the four boreholes (GB-1, GB-2, GB-3, and GB-4) dnlled 
for the slope stability investigaoon The fifth borehole, GB-5, also shown on Figure 1,  
was drilled to obtam data relevant to settlement 

e 

The field lnvestigation focused on obtaimng representative samples of each of the 
soil and bedrock types encountered m the vicimty of the SEPs Samples were collected 
of colluvium (sandy, gravelly clay), shallow bedrock (weathered claystone and 
siltstone/sandstone), and deep bedrock (claystone) In addition, fractured samples were 
collected of colluvial claystone from a known slump block in the buffer zone (GB-1) 
An attempt was made to collect and test samples that appeared to have natural fractures, 
though difficulties were encountered collecting fractured samples that were relatively 
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undisturbed The samples of fractured colluvial claystone were deemed to be appropnate 
for testmg residual strengths of weak zones m the claystone 

3.0 LABORATORY TESTING AND DATA REDUCTION 

Samples collected d u n g  the field mvesQgation were tested for shear strength and 
other propemes relevant to the slope stabllity analyses Advanced Terra Testmg, Inc 
(ATT), of Lakewood, CO, performed all geotecbcal testmg Tests performed included 
Consolidated Undramed (CU) tnaxial tests, Direct Shear tests, and determinations of 
particle sue distnbutions, Atterberg Lmits, natural moisture content and field density 

From the results of the shear strength testmg, Mohr-Coulomb fallure envelopes 
were developed for each distmct matenal type In order to be conservative with respect 
to determumon of strength parameters to be used m the modelmg, three different failure 
cntena were considered for each tnaxial test The most conservabve strength parameters 
were chosen after developing Mohr-Coulomb envelopes for the following failure cnteria 
maxllflum deviator stress, maxmum pmcipal stress ratio, and maxmum pore pressure 
For the majonty of the tests, the most conservative strength parameters resulted from 
considermg failure to comcide with maxunum pore pressure a 

Table 1 presents a summary of the material properties determined by the laboratory 
testing The umt weights presented are average values determmed from results of 
laboratory testmg for the Geotecbcal Investigation and the Phase I investigation The 
strength parameters were determmed from results of the shear strength testing for the 
Geotechcal Investigation, considermg the failure cnteria described in the preceding 
paragraph 

4.0 SLOPE STABILITY MODELING 

This section summarizes the methods used for the slope stability analyses 
Specifics regardmg the computer software and the rationale behind parameters used in 
the modelmg are discussed 
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TAB= 1 
suh4WWY OF MATERIAL PROPERTIES FOR SIxlPE STABILITY MODELING 

ROCKYmATsOU4IM/IRA 

Total 
Fnmon Cohesion Matenal Description 

Effectived 
Fnction 

CLAY, very sandy (CL) 
colluvium fmm hllside 

Field saturated I 

CLAYrnW mlluvlal 
shallow slump matend 
hlghly w e a t h d  

Angle (psf) Angle 

CLAYSIONE 
shallow bedrock 
hlghly w e a t h d  

CLAYSTONE 
deep bedrock 

I1 

60oC 
(480) 

Notes 
(a) assumed failure at maxmum dewator stress 
(b) assumed failure at maxmum pnncipl stress mtro 
(c) assumed failure at maxmum poxe pressure 
(d) values m parentheses are labomtorydetemmed values multrplied by 0 8, as assumed for seisrmc loadmg 

conddions (ref "Rafionalizmg the Seisrmc Coefficient Method", U S Dept of the Amy, July 1984) 
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4.1 Computer Software 

The computer modelmg for the slope stability analysis was performed using 
Version 5 of the XSTABL program developed by I S Designs, Inc , of Moscow, Idaho 
XSTABL performs two-dunensional lunit equilibnum analyses and mcorporates a random 
surface generator for searchmg out the cntical failure surface for a given slope This 
model is considered "state of the art" for slope stability modelmg and has been validated 
and venfied by DOE'S design team Further mformation regarding the computer model 
can be found m the XSTABL Reference Manual 

4.2 Stratigraphy of Cntical Section 

Slope stability analysis requves stratigraphc cross-sections, soil and bedrock 
properties, and groundwater levels for the area of concern Numerous bonngs in the 
vicmty of the SEPs have allowed for development of soil and bedrock cross-sections for 
the slope north of the proposed cover For th~s stage of modeling, the cntical section 
was chosen as the vemcal plane r u m g  through the hgh point of the cover and down 
the hillside north of the SEPs to North Walnut Creek 

In general, the north hillside is charactellzed by a layer of colluvium (typically 
sandy, gravelly clay) overlymg a zone of weathered claystone bedrock In the vicimty 
of SEP 207-C and the western side of SEP 207-A is a subcropping of sandstone/siltstone 
Below the shallow bedrock umts (1 e , the weathered claystone and the 
sandstonehiltstone) is relatively unweathered clay stone For modeling purposes, the 
upper bedrock wts were assumed to be 40 feet thick, as estunated from histoncal boring 
logs 

The groundwater surface used m the modelmg was assumed to be at the mean 
seasonal hgh plus 2 2 feet, as presented m Appendur 3 D of the Proposed IM/IRA-EA 
Decision Document entitled "Evaluation of Potential Groundwater Fluctuations 'I This 
is the estunated maxunum level that groundwater is expected to reach during the 10oO- 
year design life of the proposed engmeered cover 
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4.3 Material Properties 

Shear strengths and field densities of the north hdlside matenals were determmed 
from the labdratory testmg performed by AT" for the Geotechcal Investigation and by 
D B Stephens and Associates for the Phase I Investigation The values summanzed in 
Table 1 are consistent with those found d m g  a literature review for properties of 
smilar matenal types 

The umt weights presented m Table 1 are average values for the distinct matenal 
types, as d e t e m e d  m the two laboratones The XSTABL model requlres both field 
and saturated u t  weights 

As descnbed in the secbon on Laboratory Testmg, the shear strength parameters 
were determmed by tnaxial and direct shear testmg For the modeling, dramed and 
undramed shear strength parameters were requlred for the long-term loading and the 
short-term, post-construction conditions 

The results of the shear strength testmg on the colluvium (clay) are presented in 
Table 1 These strength parameters are considered the "best estmate" values and were 
used in the modelmg for each set of bedrock conditions analyzed 

For the shallow claystone, it was assumed that the "best estmate" shear strength 
parameters were equal to those determmed for samples of the colluvial claystone, which 
were taken from an identified slump block m the buffer zone These parameters are 
more conservabve than those determmed for the shallow claystone, which was visibly 
less fractured than the colluvial claystone This assumption allows for the possibility that 
a failure zone m the shallow bedrock (just north of the ponds) exists but was not 
identified durmg the field mvestigation 

The "best estmate" strength parameters for the sandstone/siltstone and the deep 
claystone, as determmed using the most conservative failure cntena for the triaxial data, 
are presented m Table 1 In order to mvestigate the possibility that an existing failure 
zone reaches mto the deep claystone, modeling runs were performed assuming that the 
deep claystone has strength parameters equal to those measured for the colluvial 
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clay stone 

4.4 Loading Due to the Engineered Cover 

The proposed compacted waste and cover system was modeled with discrete 
pressure stnps vertically loadmg the surface excavated for the subsurface drain Average 
vertical pressures on the excavated surface were calculated usmg the expected waste 
heights and assumed compacted waste density values With h s  method, the compacted 
waste above the excavated surface was assumed to have no shear strength The average 
waste heights and therr respective distances from the crest of the hlllside (1 e , the 
pressure stnps) were determmed usmg a conservative cover configuration The cover 
configuration for the f& design is expected to have relatively lower compacted waste 
heights and also is expected to be pulled back farther from the crest of the slope 

4.5 Seismc Loadmg 

Due to the 1000-year design life of the proposed cover system, an investigation of 
the effects of seismic loading on the slope stability was needed XSTABL was used to 
smulate psuedo-static conditions and calculate the resulting factors of safety using 
dramed shear strength parameters and Spencer's Method Followmg general engineenng 
practice, only the cntical failure surfaces, as determmed m the static analyses using 
undramed shear strength parameters, were analyzed for seismic loading A horlzontal 
acceleration of 0 15g was chosen as the design basis earthquake per Rocky Flats Plant 
Standard No SC-106 In "Rationalmng The Seismic Coefficient Method", by the U S 
Dept of the Army (July 1984), the conclusion is made to use one-half of the peak 
ground acceleration for the magmtude of the seisnuc coefficient and 0 8 tmes the 
assumed strength parameters for seismc modeling For h s  analysis, the drained shear 
strength parameters were multiplied by 0 8, the vertical seismic coefficient was set to 
zero, and the hornontal seismic coefficient was assumed to be equal to 0 1, which is 
conservative with respect to the design basis earthquake (1 e , 0 15g) 
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I 5.0 RESULTS 

The XSTABL computer model was used to calculate factors of safety agamt slope 

I failure for condiuons ldcely to occur dumg the design life of the proposed engmeered 
cover The cnhcal cross-section was chosen with respect to surface geometry and was 
used for stabllity analyses that rncorporated either the colluvial claystone strength 
parameters or the sandstone/siltstone strength parameters For the actual conditions on- 
site, the chosen cross-secuon does not pass through the sandstone/siltstone umt The 
cntical cross-sections through each of the separate bedrock umts will be analyzed for the 
slope stability modelmg performed for the Title 11 design 

Four different shallow and deep bedrock scemos  were modeled in which strength 
parameters of the matenals were vaned The colluvium was modeled usmg the "best 
estlmate" parameters for all of the scemos  For each of the four scemos, both static 
and dynamic loadmg condiuons were analyzed The following descnbes the bedrock 
conditions and the results of the modelmg for each of the scenanos 

Scenario A: 

0 
For this s cemo ,  the "best estlmate" parameters were used for the shallow and 

deep bedrock umts The static case for tlus scemo,  whlch models post-construction 
loadmg conditions, resulted in a calculated Factor of Safety (FS) equal to 1 71 The 
long-term, dramed conditions that undergo seismic loadmg resulted in a calculated FS 
equal to 1 52 

Scenario B: 

For this scenano, the deep bedrock was assumed to have strength parameters equal 
to the "best estlmate" values for the shallow claystone Thls assumption allows for the 
possibility that an existmg failure zone extends mto the deep bedrock Th~s scenario is 
considered conservative because no deep-seated failure zones in the north hillside have 
been identified dumg previous investigations The "best estlmate" strength parameters 
were used for the shallow claystone 
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The stabc case for thrs s c e m o  resulted m a calculated FS equal to 1 51 The 
long-term, dramed conditions that undergo seismc loadmg resulted m a calculated FS 
equal to 1 07 

Scenario C: 

llus s c e m o  models a potential failure through the sandstone/siltstone umt The 
"best estunate" values for the sandstone/siltstone and the deep claystone were used for 
these analyses The static case for tlus s c e m o  resulted m a calculated FS equal to 2 03 
The long-term, dramed condiuons that undergo seismic loadmg resulted in a calculated 
FS equal to 1 82 

Scenario D: 

In tlus s c e m o ,  whch models failure through the sandstone/siltstone umt, the deep 
bedrock was assumed to have strength parameters equal to the "best estunate" values for 
the shallow claystone llus assumption allows for the possibility that an existing failure 
zone extends mto the deep bedrock Thls s c e m o  is considered conservative because 
no deep-seated failure zones in the north lullside have been identified dunng previous 
mvestigations The "best estunate" strength parameters were used for the 
sandstone/siltstone 

The static case for thls s c e m o  resulted m a calculated FS equal to 1 60 The 
long-term, drained conditions that undergo seismic loading resulted m a calculated FS 
equal to 1 19 

6.0 CONCLUSIONS 

The slope stability modelmg shows that using "best estunate" shear strength values 
for the soil and bedrock of the hlllside north of the SEPs results in factors of safety 
agamt slope failure that are adequate in companson to published values for earthen 
embankments In "Soil Mechamcs, Design Manual 7 01" (ref Naval Facilities 
Engieemg Command, September, 1986), the recommended m i m u m  factor of safety 
for earthen embankments is 1 5 for static conditions and 1 15 for dynamic loading 
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conditions As shown on Table 2 of thu report, these factor of safety requmments are 
exceeded usmg "best estunate" strength parameters for the shallow and deep claystone 
and the sandstone/srltstone (Scenarros A and C) 

When the shear strength parameters of the deep claystone are reduced from the 
"best estimate" values to the values determmed for samples taken from a known failure 
zone (Scenarro B), the factor of safety is acceptable under static conditions but below the 
requued value of 1 15 for the dynarmc loading conditions Though this may raise 
concern about the ultunate stability of the north hillside, samples of the deep claystone 
taken dumg previous field investigations appeared to be intact with few fractures 
Therefore, use of the "best estunate" strength values for the deep claystone is more 
appropriate than use of the colluvial claystone strengths 

The modelmg performed for h s  report mcorporated numerous conservative 
assumptions The cross-section used for the model was taken as the worst-case section 
determined for the north hlllside, though tlus cross-section does not pass through the 
sandstone/siltstone umt or through a known farlure surface in the shallow claystone The 
"best estunate" strength parameters were determmed using the most conservative failure 
cntena for analyzmg tnaxial data, as described in Section 3 0 The loading due to the 
engmeered cover was modeled as a vertical load applied directly to the excavated 
surface This assumption unplies that the compacted waste and cover system will supply 
no added resistance to the sliding of failure surfaces that cut through the waste and cover 
However, due to the shear strengths of the waste and cover materials, additional 
resistance to slidmg will occur 

In addition, the surface loadmg is based on a cover configuration that is closer to 
the crest of the north hlllside m comparison to the llkely final cover configuration The 
seismic loading conditions modeled are also considered to be conservative Per Rocky 
Flats Plant Standard No SC-106, the design earthquake has a horizontal acceleration of 
0 15g The seismic loading conditions modeled for this project assumed a horizontal 
acceleration of 0 2g, or a seismic coefficient of 0 1 (1 e , one-half of the expected peak 
ground acceleration) It is believed that these modeling assumptions result in 
conservative factors of safety against slope failure in companson to the actual field 
conditions 
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TABLE 2 

un- claystone 13 500 24 0 0 

drained claystone 129 480 26 1 400 0 1  

RESULTS OF SIxlPE STABILITY MODELING 
ROCKYFLAl'SOWIM/IRA 

Simplified 171 
Bishop 

Spencer's 152 

Condtions 

SCENAROA 

13 500 0 Slmpllfled 151 
Bishop 

undramed claystone 

12 9 480 

I 

0 1  Spencer's 1 07 

24 0 undramed sandstone/ 100 

I 
0 Slmpllfied 2 03 

Bishop 

drained 

I I I 

sandstone1 27 160 
siltstone 

26 1 400 01 Spencer's 182 

undrained 

drained 

* Design earthquake, per Rocky Flats Plant Standard No SC-106, is equal to 0 l5g honmntal acceleration 
The seismc coefficient is estimated to be 1/2 of the expected peak ground acceleration, per "Rationalmg the Seismc 
Coefficient Method", U S.Dept of the Army, July 1984 For these analyses, the seisrmc coefficient was assumed 
to be equal to 0 1, which is conservative with regards to the design earthquake 

sandstone/ 30 100 13 500 0 Slmpllfled 1 60 
siltstone Bishop 

sandstone/ 27 160 12 9 480 Spencer's 119 
siltstone 

s \dnc\rfss3 



In summary, based on data from the geotechcal mvestlgabon and the XSTABL 
modelmg, the slope of the north Mlside is adequate with respect to short- and long-tern 
stability However, because of the cntical nature of the IM/IRA project, the results of 
the slope stabllity analyses presented here will be confirmed when the final englneered 
cover conf@raoon is complete 

The results of h s  report are based on data collected dumg the Geotechmcal 
Investigation and the Phase I Investigaoon Vanations in subsurface conditions not 
indicated by the invesbgations are normal and expected The assumptions and 
conclusions contamed rn thts report are based on the degree of conservatism deemed 
proper for the OU-4 TpuII/IRA project 

Page 9 of 9 
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* 
- 

NA 143B43 0 Ooe+oo 

NA 0 008+00 a4 2908-09 

2 9(H3M NA 0 m+oo 6 3  

NA NA 0 oob+oo 

NA 0 oos+Qo 

8 6oB-04 6 0  11oE48 NA 0 o(k+oo 

0 oos+oo 1408-02 114E-04 NA 

8 S M  1 70- NA 0 ab+oo 

NA 1 WE41 1 OOE+OO 0 ooa+oo 

0 ooe+oo Nitntb 1 ooEi+oo 1 JOE05 NA 

1 mE41 5 lOE+OZ 2 708-08 NA 0 ocb+oo pobornum 

SlllCQB 

r 

4 ZoE41 0 7  0 OOE+OO NA 0 m+oo 

Iv 1-1 



6 1  

6 1  

6 1  

6 1  

6 10e+OO 

4 4e-10 

4 7e-10 

2 oe-10 

3 5e-10 

2 2e 10 

TABLE IV El 
WORKER RESULTS FOR EACH CHEMICAL CONTAMINANT FOR THE SEPS 

I 
InCE?mentpl  

cancer RMk 
Intake 
(ms) Contammaat of Concern 

sllver 2 ME44 3 OOE-03 6 4OE-06 NA 0 m + w  

0 m+OO Sodlum 2 50E-01 3 00E+02 6 70E-08 NA 

NA 

NA 

2 50E-03 0 OOE+OO NA 0 ooe+oo 

0 m+OO 

0 m+OO 

0 0e+oo 

Suifide 

Zlnc 

2-butanone 

Acetone 

2 9OE-04 3 50E-02 6 50E-07 

1 8OE-06 5 OOE-02 2 80E-09 NA 

4 20E-06 3 1 1E-10 NA 

Benzo(a)anthracene 9 2E-05 0 OE+OO NA 

9 8E-05 NA 0 OE+OO 

4 1E-05 NA 0 OE+OO Benzo(b) fluomthene 

7 3E-05 0 OE+W B-(g h 1)perylene 

Benzo(k)floumthene 

NA 

NA 4 7E-05 0 OE+OO 

Bis(2-ethylhexyl)phthalate L 4 9e-13 9 2E-04 3 6E-06 6 80e-04 

I 

IV 1-2 



I -Of- 

chloroform 7 am 

~ 

0 081 4 80-14 

200E-05 I 4 1 W  6 lOS+OO 5 *lo 

1oOE-01 I 73E-08 NA 0 b+oo 

610- I 54E% 0 35 1 le11 

0 OE+OO 
NA I 7 9E-05 6 1  3 E6-10 

1 9E-06 8 57E-01 I 17E-10 

4 2 E a  0 OE+Oo 
NA I 4 6 7a14 4 3E(# 

6 7E-10 I 1 50E+OO 1 3E-05 NA 0 os+m 

0 OK+OO 
NA I 3 6E-01 4 3  

IV 1-3 



Banum 

BerylllUm 

6 6Oe-03 

44e-04 

Cadmum 

calcium 

2 98-02 

7 3e+00 

Cyamde 

Lithum 

Mauagaaese 

9 78-04 

8 78-04 

158-02 

3 88-06 

1 le48 

NA 

NA 

1 oem 

1 7e-05 

1 4e-05 

1 4e-05 

2 7e-08 

0 oe+oo 

NA 

NA 

NA 

NA 

NA 

NA 

TABLE IV 1-2 
ONSITE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE SEps 

143e-03 1 0 oe+oo 

2 w  

1 4e-07 6 3  NA 

0 oe+oo NA NA 0 oe+oo 

2 006-02 0 oe+oo 

~ 

0 oe+oo 6 0  

114e-04 0 oe+oo 

~~ 

Mercury 

Nitrate 

Nitnte 

Potassium 

Silicon 

8 57e-05 

1 m+oo 18e-01 

18e-01 

0 oe+oo 

0 oe+oo 1 ooe+oo 

5 1oe+02 0 oe+oo 18e-01 

4 3e-01 07 0 oe+oo 

IV 1-4 OU4 Ropomd LMlIRA EA ODCvloa 
F o b u r y I O  1995 



NA 248-04 

0 b+oo 2 Wl 3 m+f2 6 7608 NA 

250-03 NA 0 oa+m NA 

298-04 NA 

NA 0 oe+oo 

1 lalo NA 

6 1  4 40-10 

0 oc+oo 6 1  4 70-10 

0 oa+oo 6 1  2 08-10 

3 5%-10 0 cb+oo 6 1  

6 lb+OO 2 38-10 0 oe+oo 

3 6 4 6  68oe-04 4 98-13 

IV 1-5 



TABLE IV 1-2 
ONSITE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE SEPS 

RfD H d  Slope Factor 
Quotlent (mg/(lrs*dpy)) ' Intake (mg) (mg/@g*day)) 

Contamanant of Concern 

chloroform 7 6e-07 NA 0 oe+oo 0 081 

*=e 1 l e a  2 ooe-05 4 2 e a  6 1oe+oo 

Di-n-butyl phthlate 9 3e-05 1 ooe-01 7 3e-08 NA 

Fluoranthene 4 2e-05 6 1 0 6 0 4  54e-06 0 35 

Indeno(l,2,3-cd)pyrene 8 oe-05 NA 0 oe+oo 6 1  

Methylene chlonde 19- 8 576-01 17e-10 1 65e-03 

Phenanthrene 4 3eo5 NA 0 oe+oo 6 1  

ArochIor 1254 

1 
Incremental 

Cancer 
hsk 

1 

4 8e-14 

5 18-10 

0 oe+oo 

1 le-11 

3 88-10 

2 4e-15 

2 oe-10 

6 8e-14 

0 oe+oo 

IV 1-6 



a 
calt8muwat of concsrn 1 

1430-03 NA 0 b+oo 

9904% NA 0 oe+oo 8 4  6 50-11 

65604 NA 0 oS+m 6 3  

160-01 NA 0 b+oo NA 0 oe+m 

NA 3 2 1045 

6 0  2 53-10 NA 0 oe+w 

114604 NA O.OafOO 

8 5745  NA 

Nitrate I 1 ooe+al 3 10-07 NA ooe+oo 

400-03 1 ooe+oo 3 le-07 NA 0 oe+m Nitr~te 

Pd.ssrum NA 3 98-03 5 108+02 6 O a l O  



TABLE IV 1-3 
OFFSIITE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE SEE 

I 
H d  
Qwtlent 

contarmnant of Concern 

0 b+oo NA 

NA 

NA 

Shum 

Sdver 

9 4e-03 

5 4e-06 

0 7  

3 ooe-03 

3 ooe+02 

0 oe+oo 

1 4e-07 

~ 

0 oe+oo 

5 7 4 3  1 5e-09 0 oe+oo 

0 oe+oo 

Sodium 

Sulfide 5 6so5 NA NA 0 oe+oo 

14e-08 

6 le-11 

64e-06 3 5oe-02 NA zmc 

2-butanone 

0 oe+oo 

0 oe+m 3 98-08 5 ooe-02 NA 

NA Acetone 3 2 53-12 0 oe+oo 9 48-08 

2 le46 0 oe+oo 6 1  9 8e 12 NA 

NA 0 oe+oo 6 1  1 oe-11 2 2e-06 

9 2e-07 Berm@) fluoranthene NA 0 oe+oo 4 4e-12 6 1  

16- 0 oe+m 7 8e-12 NA 6 1  

1Oe-06 I NA 

IV 1-8 

Bern&) flouranthene 0 oe+oo 6 lOe+m 5 oe-12 

WFT 



92606 

16609 

12d7  

0 (k+m 

A8842 

6 1Oe+OO 

NA 

0 35 

6 1  

165693  

cont.rmnrat of concern ! 
I-1 6- 

0 b+oo I 1 7 0 4 8  NA 0 081 1 16-15 

1 16-11 

2 la06 

~ 

1 OObQl 0 &+oo 

2 5 1 3  
1 

8 6 1 2  NA 

5 3af7 

NA 4 s12  0 oe+w 6 1  

0 ckJ+oo 2 ooaO3 

150-11 NA 

0 (k+oo 4 3  

9 6 4 7  NA 1 5e-15 

29607 150e+oo 0 b+oo 

8 00-03 NA 2 78-08 

Iv 1-9 



2ab-05 

0 ob+O 

0 b+oo 

NA 

8 4  

63 

2 ldn 

626m 

NA 

NA 

7 7 m  

15bo9 

NA 

NA 

143643 

I 1 l b l O  6 8 4 6  NA 

45aoi  NA 

1 la01 NA NA 

130-05 60 

*- I 114044 NA 

95dn I 290-07 8 570-05 NA 

I NA 7 70-07 2 m  1 m+oo 

2 80-03 1 ooe+oo Nitnte 

PObf31UIU 2 7 4 3  5 1oe+o2 

Iv 1-11 



TABLE IV 1-4 
OF'F4IT.E CHILD RESULTS FOR EACH CHEMICAL CONTAMINANT IN "'HE !BPS 

6 56-03 

3 8- 

3 9e-03 

3 8e-05 

44e-06 

Contamurpnt of Concern 

0 7  0 oe+oo 

3 ooe-03 3 5e-07 

3 ooe+02 36e-09 

NA 0 oe+oo 

3 5Oe-02 3 5e-08 

Sihcon 

sllver 

SOdlUm 

Sulfide 

5 m-02 

3 

NA 

NA 

NA 

NA 

NA 

2-b~tanone 

Acetone 

Benzo(a)anthracene 

15e-10 

6 le12  

0 oe+oo 

0 oe+oo 

0 oe+oo 

0 oe+oo 

0 oe+oo 

BenzooPY lene 

Bem(b)fluoranthene 

Bento(g,h 1)perylene 

Benzo(lc)flouranthene 

NA 

NA 

6 1  

61 

6 1  

6 1  

6 1Oe+OO 

0 oe+oo 

0 oe+oo 

1 7e-11 

1 8e-11 

7 7e-12 

1 4 e - 1 1  

8 8e-12 

2 7e-08 

6 5e-08 

1 4e-06 

1 5e-06 

6 W 7  

1 le-06 

7 2847 

NA 

NA 

NA 

NA 

NA 

0 Oe+oo 

0 oe+oo 

0 Oe+oo 

0 oe+oo 

0 oe+oo 



0 081 

6 lOa+OO 

NA 

1 9a-15 

2 b 1 1  

Oot+OO 

6800-04 I 1-14 

l- I 0 €b+m NA 

238-05 

468.09 
1- I 1 ooaol 

2-a847 1 035 

I NA 

8 5741 
2- I 9 3a-12 16543 I 9 3e-17 

NA 
6- I O(k+OO I 61 I 79s12 

6- I ~ NA 0 os+m pyrrprs 

Tolusat 

2 m 3  2 6a15 

NA 0 ue+O0 

43 4 8e-08 

3 741 

Amchlar-1254 NA 0 os+w 

IV 1-13 



TABLE IV 1-5 
WORKER RESULTS FOR EACH RADIONUCLIDE IN THE SEPS 

Amencum 241 

Cesium 134 

Cesium 137 

Plutomum 2391240 

Radium 226 

Radionuchile Intake @Ci) 

3 10 

5 Oe-03 

3 06-03 

2 oe+oo 

8 7e-02 

3 2oe-08 

2 8oe-11 

Strontmm 89/90 I 2-2 

1 oe-07 0 51 1 60 

14e-13 7 308-05 3 7e-07 

Tntrum 3 7e-01 

190e-11 

3 806-08 

~ ~~ 

U m u m  233 1 &+oo 

U m u m  234 18e+00 

U m u m  235 2 7e-02 

U m u m  238 15e+OO 

5 &14 5 Ooe-05 15e-07 

7 6e-08 0 49 9 8e-01 

I I I i 

3 Ooe-09 

6 2Oe-11 

2 6e-10 9 288-03 8 l e44  

1 8e-12 132e-03 3 8e-05 

7 8Oe-14 2 9e-14 6 4Oe-08 23e-08 

2 70e-08 4 8e-08 0 14 2 5e-01 

2 6Oe-08 4 6e-08 0 14 2 5e-01 

2 5Oe-08 6 7e-10 0 13 3 5e-03 

2 4oe-08 3 5e-08 0 12 1 8e-01 

W F  IV 1-14 



18E+OO 

2 7E-02 

2.6WW8 4 7E-08 

2 50E-08 6 7E-10 

a 

* 

Doe6 
mu- 
(-) 

~~ 

0 51 3 1 0  I 32OE-08 I 10E-07 Alnenam 241 1 6 0  

~ 

7 3oEM 3 7EM 

30E-03 I 1 9 0 E l l  I 5 8 5 1 4  Csarum 137 5 OOEM 1 5E-07 

0 49 

9 28E-03 8 1E44 

1324343 3 8E-05 

2 4I3-08 37Ei-01 I 7-14 I 2-14 

0 14 2 SE-01 uraalum.233 

uraalm234 0 14 2 5E-01 

3 5E-03 uraalum 235 0 13 

Uraalum 238 0 12 18s-01 

IV 1-15 



3 2oe-08 

2 8oe-11 

1 9oe-11 

3 8Oe-08 

2243-09 

3 le-15 

13e-15 

17e-09 

0 51 

7 3oe-05 

5 oOe-05 

0 49 

9 28e-03 

1 32e-03 

6 4Oe-08 

004 

8 2e-09 

3 4e-09 

2 2e-02 

1 8e-05 

8 5e-07 

5 2e-10 

6 2Oe-11 

7 8Oe-14 

4 08-14 

6 6 1 6  

TABLE IV 1-7 
OFF'4Xl"E ADULT RESULTS FOR EACH RADIONUCLIDE IN THE SEPS 

Wonuchde Intake s i )  

Amencum 241 007 

Cesium 134 1 18-04 

Cesium 137 6 7e-05 

Plutomum 239/240 44e-02 

3ooe-09 1 5 8e-12 Radium 226 198-03 

Strontium 89/90 6 4e-04 

8 24543 

27oe-08 I 1le-09 0 14 1 5 6e-03 Uran~um 233 4 oe-02 

U m u m  234 4 oe-02 2 6Oe-08 1 Oe-09 0 14 5 6e-03 

2 5oe-08 1 5e-11 0 13 7 7e-05 

2 4Oe-08 7 9e-10 0 12 3 9e-03 

Uramum 235 5 98-04 

U m u m  238 3 3e-02 

IV 1-16 ou4 prsaod LunRA EA DoNim aDampa 
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27ao2 

2 7aM 

4 10-04 

2 7 W 8  

26Cb-08 

25oao8 

005 I 32ib-08 0 51 002 

5 78-09 cssrrun 134 

cecllum 137 I 470-05 I 1-11 I 890-16 2 3049 
I 

Plutonlm 2 3 9 m  I 0 49 1 M  

9 2 W 3  1 2 4 "  

. 
5- Stront~um 89190 I 
3 68-10 

tJramnn 233 7 4a-10 0 14 388-03 

7 la10 0 14 3 88-03 

0 13 5 363-05 1 b l l  

5 *lo 0 12 2 78-03 

N 1-17 



NA NA 140043 

3908-04 NA 0 cN&+oo 8 &+OO 

6 306+00 8200-08 6808-04 NA 

2 33041 NA 0 ooe+oo NA NA 

1ub-05 NA NA 

NA 6 Qos+CKJ 3 7- 

1 l(k.04 NA NA 

17b-05 3 loa(# NA NA 

NA 6 24043 1 o(k+oo NA 

6 2 4 4 3  1 otk+oo NA 
~ 

NA 8 51043 5 1oe+o2 NA 

NA NA 4 55e-03 7 O(k-01 

1 loaos NA NA 3 Cne-03 2 lobo4 

702603 3 oOe+cn 9 6oao8 NA NA 

NA 

loobos 2 loa06 NA NA 

Iv 1-19 



3 ooe+oo 

NA 

NA 

NA 

3 608-10 NA 

0 ooe+oo 6 1Oe+OO 

0 ooe+oo 6 lOe+oo 

0 ooe+oo 6 1Oe+OO 

NA 

2 ooe-02 

0 ooe+oo 6 lOe+OO 

6 3045-06 6 8Oe-04 

NA 

8 57e-01 

NA 

0 ooe+oo 

5 5oe-10 

0 ooe+oo 

TABLE IV 1-9 
WORKER RESULTS FOR EACH CHEMICAL CONTAMINAN" FOR BUILDING 788 

Incremental 
cancer Rlsk Contamumt of Concern 

NA NA 2-butnnone 

Acetone 6 M  NA 

3 9Oe-10 

4 1Oe 10 8 6oeo5 

Benzo(b)flwraathene 3 6oeo5 17Oe-10 

6 4Oe-05 3 1Oe-10 

4 1 W 5  2 ooe-10 Benzo(k)flouranthene 

Bis(2ethylhexyl)phthalate 1 o o e a  4 208-13 

chloroform 

~ 

0 ooe+oo 

7 306-04 

NA 0 ooe+oo 8 05e-02 NA 

2 OOe-05 9 2Oe-05 6 1Oe+OO 4 4oe-10 

Di-n-butyl phthalate 6 9 W 5  1 ooe-01 110e-07 NA NA 

1 ooe-11 

~~ 

3 5Oe-01 3 6oe-05 6 lOe-04 Fluoranthene 

Indeno(l,2,3-cd)pyrene 

Methylene Chlonde 

6 lOe+oo 3 3Oe-10 6 9Oe-05 

3oOe-06 164e-03 3 8Oe-15 

18Oe-10 3 7Oe-05 6 10e+OO 

WPF IV 1-20 OU4 F'mpacd lMllRA EA Doeuum Doama 
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TABLE IV 1-10 
ON4l"E ADULT RESULTS FOR EACH CHEMICAL CONTAMJNANT 

FOR BUILDING 788 

1 4oe-03 

NA 

8 90648 NA NA 

0 ooe+OO 8 4oe+oo 1908-13 

6 OOe+OO 

llOe-04 

8 OOe-05 

1 ooe+oo 

1 ooe+oo 

2 8Oe-12 NA 

4 8Oe-04 NA 

2 3Oe-09 NA 

2 2oe-09 NA 

2 2oeo9 NA 

5 1Oe+o2 

7 Ooe-01 

3 ooe-03 

6 608-12 NA NA 

6 4Oe-09 NA NA 

8 6Oe-10 NA NA 

3 m+02 

NA 

7 3Oe-12 NA NA 

0 ooe+oo NA NA 

Batrum 

Beryllium 

Cadrmum 

Calcium 

Cyamde 

L h u m  

2 90e-08 

NA I OOOe+OO I 63Oe+OO I 63Oe-12 6 808-04 

2 338-01 

4 m s  

4 ooe-05 NA 

7008-04 NA 

NA 

NA 6 2-3 

NA Nitnte 

Potassium 

Sdicon 

8 51e-03 

4 55e-03 

Silver I 
~~ 

16Oe-08 

k Sulfide 

7 02e-03 

1208-04 

IV 1-22 



8 400-12 

7 -10 

0 oos+oo 

NA NA 

3 500-01 7 60s-16 

6 lOS+OO 2 506-14 

4 -14 1-3 2 9oe-19 

FOR BUILDING 788 

160~40  I NA I NA 

210640 I 5ooe-02 6800-13 I NA I NA 

5-10 I 3ooS+00 2 700-14 I NA 

NA 

NA 

2 7oao9 NA OOOe+OO I 61b+OO I 1308-14 

4908-09 NA 

3 1od)9 NA 

1 M  4-10 I 6 M  I 3-17 

0 ooe+oo NA oms;m-/- 805a02 I NA 

530849 1 me41 

2 we-10 6 1 M  

NA 

23ob10 8 57041 Methylene chloride 

IV 1-23 



TABLE N 1-10 
ON-SITE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT 

FOR BUILDING 788 

Py- 

Toluene 

Arochlor- 1 3 4  

I I I I 

H d  
Quotient 

280e-09 I 61Oe+OO 1 13ob14 

2 ooe-03 4 5oe-18 

NA NA 

4 3oe+oo 8 1Oe-14 

IV 1-24 OU4 lMllRA EA Ihcyw 
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4 55ao3 

1 l O a 1 O  

7o2e-03 

7 ooaol 

3 ooao3 

3 m+o2 

4 -11 

5 -12 

4 -14 

NA 

NA 

NA 

58oblO I NA NA 

6 -16 NA 

6 M 1  NA 2 OOe-14 

2 3 3 4 1  1 NA NA 

PJA i . 
180~-14 I NA NA 

U A  4 8 0 0 - 0 4 1  NA 

8-12 I 8ooao5 NA 

I 
NA 

N A  

NA 4 -14 NA 

NA 

NA 

NA 

OoOe+OO I NA NA 

IV 1-25 



TABLE IV 1-11 
OFF-STE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT 

FOR BUILDING 788 

Contammaat of Concern 

~ 

I I - 1  I I 
RfD Hazard Slope Factor IIlClEXMltal 

(mg/O<g*day 1) Quotient (mg/O<g*day)) ' Cancer hsk Intake (mg) 

2-butanone 

Acetone 

1-12 5 Ooe-02 4 5oe-15 NA NA 

3 -12 3 OOe+oo 18Oe-16 NA NA 

Beam(a)anthracem 

Benzo(a)pme 

Benzo(b)fluoraathene 

Be=(g,h,9ml=e 

Beam(lc)flowanthene 

Bis(2-ethylhexyl)phthalate 

chloroform 

~ ~ ~ ~ 

4 ooe-11 NA 0 Ooe+oo 6 lOe+OO 19Oe-16 

2 008-16 4 308-11 NA 0 ooe+oo 6 lOe+oO 

1 808-11 NA 0 Ooe+oo 6 lOe+OO 8 6Oe-17 

3 2oe-11 NA 0 OOe+oo 6 lOe+OO 1 %  16 

2 ooe-11 NA 0 m+oo 6 1Oe+OO 9 8Oe-17 

2 1Oe-19 1 OOe-05 2 Ooe-02 3 1Oe-12 6 8Oe-04 

0 ooe+oo NA 0 ooe+oo 8 05e-02 NA 

4 -11 

IV 1-26 

2 Ooe-05 3 6Oe-10 6 1Oe+OO 2 2Oe-16 

Di-n-butyl phthalate 

Fluoranthene 

Indem(l,2 3-cd)pyrene 

Methylene Chlonde 

3 5Oe-11 1 Ooe-01 5 5Oe-14 NA NA 

1 8Oe-11 6 lOe-04 4 7Oe-12 3 5Oe-01 5 OOe-18 

3 -11 NA 0 ooe+oo 6 1Oe+OO 16Oe-16 

1508-12 8 57e-01 2 7Oe-16 164e-03 190e-21 
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TABLE lV El2 
OFF'-SITE CHILD RESULTS FOR EACH CHEMICAL CONTAMINANT 

FOR BUILDING 788 

3608-09 

1306-10 

68oe-04 

2 338-01 

Contamumt of Concern I 
1 43e-03 1406-09 

NA 0 ooe+oo 

NA 0 ooe+oo 

NA 0 ooe+oo 

h u m  

cadmum 

calcium 

8 4oe+OO 

6 3Oe+OO 

NA 

NA 

NA 

Cyamde + 
6 3Oe-16 

2 -14 

NA 

NA 

NA 

Nitnte 

Potasslum 

Sihcon 

Silver 

4 008-05 

4 008-05 

700%-04 

E Sulfide 

2 ooe-02 1508-11 

6 OOe+OO 4 506-14 

11Oe-04 4 8Oe-04 

5 70e-12 

6 248-03 

8 ooe-05 3 7Oe-11 

1 ooe+oo 3 508-11 

6 24e-03 

8 51e-03 

4 558-03 

7 30e-11 

1 ooe+oo 3 5Oe-11 

5 1Oe+02 110e-13 

7 ooe-01 l o o e l 0  

3 ooe-03 14oe 1 1  

IV 1-28 

NA 

NA 

NA 

NA 

SlopeFactor I Incremental I 
(mg/(kg*day)) ' Cancer bsk 

NA 

NA 

NA 

NA 

NA 
NA I 

NA I NA I 

NA NA 1 



coat.rmnmt of coocem I - 
2 -12 NA NA zlllc I 

I *- 9-13 I 5- 11b-14 NA NA 

NA 2-12 I 3o(k+Oo 4 6 1 6  NA 

9 -17 2800-11 1 NA 0 Ws+m 6 1oS+W 

1 oOa16 

1-11 I NA 0 ooe+oo 6 1QsiOO 4 -17 

6 1oS+oO 7 50e-17 2200-11 I NA 

l.4Cb-11 I NA 4 8oa17 

7 7 b 1 2  1-19 

Oo(k+oO 1 NA 0 o(k+oo NA 

8 -10 1100-16 6,l(k+OO 

NA 

3 50e-01 

6 lOe+OO 

2-11 I loosol  1-13 NA 

1-11 2 5b-18 

0 oos+oo 8 10617 

Me&ylam chloride loOa12 I 857e-01 1-3 9 400-22 6 7b-16 
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TABLE IV 1-12 
OF'F4lTE CHILD RESULTS FOR EACH CHEMICAL CONTAMINANT 

FOR BUILDING 788 

Ph6XUlnthrene 1308-11 NA 0 ooe+oo 6 1Oe+OO 4 -17 

1 -20 pyrene 1308-11 NA 0 ooe+oo 2 OOe-03 

Toluene 7 108-12 15Oe+00 2 7Oe-15 NA NA 

Arochlor-1254 3 8 8 4 3  NA 0 m+oo 4 3oe+Oo 2 608-16 
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Tntnun 

umnntm-233 

uraluum-234 

JulmllIlm-235 

Unnrum-238 

a 

e 7ab-04 1 lobo4 4- 6 4 0 ~ 5 8  3 3obo8 

0 o(k+oo 8iXb-05 0 olk+oo 140e-01 190601 

6.2443 1 ooe+oo o.oIk+oo 140d)l 190d)l 

6.24043 1 oos+oo 0 ooe+oo 13Oe-01 2 lobo3 

8 51& 5 108+02 0 Ooe+oo 128041 110e-01 
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a TABLE N 1-14 
RADIATION DOSE TO RECEPTORS FOR BUILDING 788 

Results of the CAPSS-PC Aau Model 
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7 6E+W 

15E+oo 

6 3all '0 OE+OO 0 h+oo 

530-05 0 OE+oo 0 oe+w 

5-14- 6 4E+02 

3 8E+M 12 3a12 1ooE+o 10 oe+m I 

1 a + o 1  12 la06 10 OE+OO Iooe+oo 1 

1 

0 OE+W 0 b+oo 4 8Eo6 6 30-14 

0 OE+W 0 os+oo 4 8E-06 4 b 1 4  

I 
2 58+02 9 ob10 5 3E-10 128-16 

0 OE+W 0 (k+oo 0 OE+OO 0 oe+oo 

0 OE+Oo O W 0 0  2 48-16 

2.5E+ln 12 od)8 to OB+W lo  oe+oo I 
I I I 

13E+03 169611 0 oE+m 0 oe+m 1 
7 8E+W 9 68-10 27Eu7 2 oe-15 

D OE+OO 0 *+oo ~4 8E-06 6 8e-14 

11E+OO 0 OE+OO 0 oe+oo I 
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TABLE IV 1-15 
WORKER RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE MIXTURE 

(NORMAL OPERATIONS) 

Contammant of Concern Intake (mg) I 
Methylene Chlonde 19 38-09 

Nitrate 

Potasslum 

58e-04 

768-09 

8 78-04 

15e-08 

sllver 

11E+04 18 58-13 1 1  31z-09 11 2e-17 
~ ~ ~~ ~ ~ - 

13E+04 4 6e-08 0 OE+OO 0 oe+OO 

13E+04 4 5e-08 0 OE+OO 0 oe+OO 

0 OE+OO 0 oe+OO 4 8E-06 3 6 1 4  

6 5E+W 13e-10 0 OE+OO 0 oe+OO 

0 OE+OO 0 oe+OO 1 6E-09 2 3e-17 

0 OE+OO 1ooe+OO I O  OE+OO Iooe+oo 
~ 

3 8E+01 2 8e-08 0 OE+OO 0 oe+oo 

3 8E+M 4 7e-10 0 OE+OO 0 b+OO 

0 OE+OO 0 oe+oo 0 OE+OO 0 oe+OO 

t9E+04 3 4e-12 0 OE+OO 0 oe+OO 
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I CyanIda (total) 

4 2a-10 

1 -  

2 5E-01 1 6 d ) 9  ~4 8- 2 ob15 

2 5E+02 4 5a-10 0 OE+W 0 hi-00 
A 

18849 

1 7e-10 

.13E+03 1 43-12 0 OE+OO 0 08+m 

7 8E+00 2 18-11 2 7E-07 4 58-17 
I 

a 

3 2e-10 

11607 

17- 

13848 

- 

0 OE+W 0 oe+m 4 BE46 15-15 

7 6E+M 1 6 1 2  0 oE+oo 0 oe+m 

15E+OO 1 2 6 0 6  0 OE+O 0 oe+m 
11E+00 1 -  0 OE+OO 0 oe+w 

460-10 164E+02 17 20-13 l o  oEi+oo lo oe+oo I 

I 

- _  

3 *lo lOOE+oo I 

11 43-15 I 
1 9 a 1 0  0 OE+OO 0 oe+oo 4 8E-06 8 9616 

18609 0 oE+m 0 oe+m 6 6E4 1-14 

5 l e a  153+02 2 oall ~4 3E-10 2 7-18 

18606 p + W  0 b+oo 4936-06 9 8e-12 

1 7-10 0 oE+m 0 b+oo 0 OE+m 0 &+oo 

8 l a 1 1  OA3E-COO 0 b+oo 5 36-18 

53e-07 6 4 E + O 1  8- 3 2Ea 1 78-11 

Mercury 
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TABLE IV 1-16 
0F"STE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE MIXTURE (NORMAL 

OPERATIONS) 

IV 1-36 OU4 pmpoad IMllRA EA DDcrnm Doamma 
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ON-STE AMJLTREsultTsW 

ContrmtnrntofCoocsrn Inrake(mg) I 
I 0 m+oo 

3 8E+W 124a12 

34B-06 12 2u-13 I 
3 9E-M I6 88-11 I 0 oE+oo 

I 1 8E+01 12 10-06 

0 oB+m ~o-os+oo 

i 

0 OE+OO 10 os+oo 
0 OE+OO locbB+oo 

2 %+02 19 *10 S 3E-10 1 2u-16 

49El.06 14 la10 I 
~~ ~ 

0 OE+m 0 b+oo 

.&3Ii-o8 2 40-16 

323-95 7 70-10 

4 8E.06 9 08-14 

0 OE+OO .oos+oo 

0 a + o o  10 h+oo 

6 4E+01 I3 

~~~ ~ 

0 OE+OO ooe+oo ~ 

2 7E-07 2 16-15 

4 8E-06 6 80-14 

0 OE+W 0 oe+oo 

13B+03 16 46-11 

7 8E+OO 

0 OE+W 

7 6E+W 16 30-11 

~ 11E+00 

Manganese 

Mercury 
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ONSITE ADULT RESt 

Nitrate 6 O d  

Nitnte 5w 

Phenanthrene 7664 

Potasslum 8W 

Toluene 16 5e4 

Zlnc 

TABLE IV 1-17 
LTS FOR EACE CHEMICAL CONTAMINANT IN THE MIXTURE (NORMAL 

OPERATIONS) 

I (mg) I RfD Hazard Quotreat 

9 11 1E+04 11 26-17 I 
~ 

4 13E+04 4 7e-08 0 OE+OO 0 b+OO 

4 13E+04 4 6e-08 0 OE+OO 0 b+OO 

9 0 OE+OO 0 oe+OO 4 8E-06 3 6e-14 

4 6 5E+M 1 &lo 0 OE+OO 0 b+OO 

8 0 OE+OO 0 oe+OO 1 6E-09 2 4e-17 

5 0 OE+OO 0 oe+OO 0 OE+OO 0 oe+OO 

6 3 8E+O1 2 8e-08 0 OE+OO Ooe+OO 

3 3 8E+M 4 8e-10 0 OE+OO 0 oe+OO 

- 

5 IOOE+OO I o  OE+OO I 

WPF IV 1-38 OU4 Rqapd IM/IRA EA DDeulc~ DDama 
F-10 199S 



OFF- 

Di-n-butyl phthlate 

1 16-10 

P 
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a Orn-SlTE CHILI I 

I Methylene Chlonde 

Nlhll. Nitnte 

Phenanthrene 

1 Potasslum 

~ Sllver 

Sulfide 

Toluene 

TABLE IV 1-18 
RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE MIXTURE (NORMAL 

OPERATIONS) 

0""""" IV 1-40 



Cegum 137 1 8 0 4  19E-11 3 50-17 
I I 

ursruum234 

urrnrum235 

I 3- I 2- 

, 3 3 0 4 3  2 6E-08 8 7 a l l  

1- 2 5E48 3 70-12 

I 1 la15 

TlltlUUl 1- 7 8E-14 13e-19 

unnrum233 13ao6 2 7E48 3 40-14 

1 3 -  I 0 49 

9.2aEa - - I-rckos I 
1 13ZE-03 12.4048 

023 I lc6a07 I 
0 14 1 4 7 m  I 
0 13 I lsk(15, I 
0 12 I47604 I 
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Rdonuchde Intake @Ci) 

Amencium241 5 2e-08 

cesium 134 8 8e-08 

b i u m  137 4 le-08 

IV 1-42 

Slope Factor Incremental DOSe Dose 
(=~PcO cancer Rl& Convemion EqUlValent 

Factor (wm) 
(~rem/pc1) 

3 2E-08 1 7 4 5  0 51 2 7 4 %  

2 8E-11 2 5e-18 7 30E-05 6 4e-12 

1 9E-11 7 86-19 5 00E-05 2 16-12 

-- 



Cuuum 137 190-06 19B-11 3 50-17 

I l -  
StroDtrUm I 89/90 I 62E-11 I 

0 51 - Il20-06 

-I - 049 

I *- 13- 

- 

0 14 1470-04 

0 13 I* a .  

IV 1-43 



0 
Radicmucl~de 

TABLE IV 1-22 
OF'F'STE CHaD RESULTS FOR EACH RADIOUCLIDE IN THE MIXTURE 

(NORMAL OPERATIONS) 

Intake @Ci) Slope Factor 
maPcI) 

I Americium 241 I 3 6e-08 I 32E-08 

ceslum 134 2 8E-11 

ceslum 137 1 9E-11 

Plutomum 3 8E-08 
2391240 

Mum226 167e-09 I3OE-09 

Strontum 2 88-07 
89/90 

Tntium 2 58-08 

Umum233 198-08 

Umum234 528-05 

6 2E-11 

7 8E-14 

2 7E-08 

2 6E-08 
I I 

Umum235 23e-06 2 5E-08 

I Umum238 I 6 18-05 I 24E-08 

12e-15 I o 5 1  

17e-18 7 30E-05 

3 9e-11 

2 Oe-17 I 928E-03 

17e-17 I 32E-03 

19e-21 6 4OE-08 

5 2-16 

1 3e-12 0 14 

5 8e-14 I 0 1 3  
~ 

15e-12 I 0 12 

WPF IV 1-44 

':I Equivalent 

1 b o 8  

I 4 4e-12 
~ 

14s-12 

508-04 

6 2 - 1 1  

3 7e-10 

16e-15 

2 5- 

7 2e-06 

3 b o 7  

I 7 3e-06 



2-- 11 le437 164E+02 11 &IO 

I1 la12 I 

12 16-13 I 

6 6E-06 626-16 

k3E-10 2 la09 
- O H  

0 OE+W 12e-15 

0 OE+OD lo  b+oo I 

l o  oe+oo 2 7E-07 13 5e-13 1 
Imka~1(1,2,3-cd)pyrene 12 28-05 10 OE+OO (2 *lo 

0 ~ OE+Oo 

0 OE+OO 

Mercury 4 7048 11E+OO 4 38-12 
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TABLE IV 1-23 
WORKER RESULTS FOR EACH CHEMICAL CONTAMINANT IN TEE MIXTURE 

(ACCIDENT CONDITION) 

contprmnant of Concern I 
Methylene Chlonde 3 oe-03 11E+04 2 4e-07 

Nitrate 3 w3 13E+04 2 3607 

Nitnte 3 9e-08 13E+04 0 b+OO 

phenanthrene 4 56-03 0 OE+OO 6 9e-10 

Potassium 7 70-08 6 5E+06 0 oe+OO 

Pyme 39e-04 0 OE+OO 0 oe+OO 

Sllicon 5 3e-06 0 OE+OO 1 4e-07 

13 8E+01 12 4e-09 

Wum 7 3607 3 8E+06 0 oe+OO 

Sulfide 6 4e-05 0 OE+OO 0 b+OO 

Toluene 3 36-07 19E+04 1 78-11 
I I I 

7 38-06 4 5E+02 1 6e-08 

WPF IV 1-46 

1 3E-09 0 oe+OO 

0 OE+OO 0 oe+OO 

IO OE+OO 19e-13 

4 8E-06 0 oe+OO 

0 OE+OO 1%-16 

1 6E-09 0 oe+OO 

0 OE+OO 0 oe+OO 

0 OE+OO 0 oe+OO 

0 OE+OO 

0 OE+OO 

0 OE+OO 0 oe+OO 

0 OE+OO I 



coJlturrrnrrrcofconcsm -(mo) I I 
1 2-Butmoae 12 3d)9 0 h+OO I 
I- 1 - 0 9  

& 

2 58-14 

7 4e-12 

0 h+OO 

9 -15 

9 sa15 

4 ob15 

7 fbl5 

4 66-15 

5 90-14 

AreearC 4 le-06 

Birnum 19ao9 18E+01 I O b + O Q  tom+OO 

0 a+# I O h + o o  14 8E46 

ODE+W 

I- I84k-10 0 oe+W I 
2 78-17 I 

0 a+OO 14 ob08 

6 4E+01 18- 13 

0 oe+€KJ I 
1 m+o3 11 1610 IQ OE+OO 2 38-16 

Flwmnthene 

Llthlum 

7 7e-15 

0 &-too 0 OE+OO 

7 6E+04 0 OE+OO 0 oe+oo 

1 s+OO 16 la08 10 OE+oO 0 oe+m 
14e-18 

- ~ - 

11E+00 9 68-14 0 OE+OO 
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TABLE IV 1-24 

CONDITION) 
OF"-SITE ADULT RESULTS FOR EACH CHEMICAL CONTA 

COntamtnant of Concern 

WANTINTHE 

Intake (mg) RfD (mg/(kg.day)) Hazard Qwtrent 

Methylene Chlonde 

Nitrate 

Nitnte 

6 7c-05 11E+04 5 3e-09 

66e-05 13E+04 52eo9 

8 68-10 13E+04 0 oe+OO 

Potassium 

Pyme 

Sdmn 

sllver (2- 138E+01 15 3e-11 

~ ~~ ~~ 

176-09 6 5E+06 0 oe+OO 

866-06 0 OE+OO 0 oe+OO 

1 28-07 0 OE+OO 3 le-09 

[MTURE (ACCIDENT 

Sulfide 

Toluene 

0 OE+OO 10 oe+OO 

14e-06 0 OE+OO 0 oe+OO 

7 36-09 19E+04 3 8e-13 

0 OE+OO 11 oe-18 

0 OE+OO 

0 OE+OO 

0 oc+OO 

0 oe+OO 
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lle-07 164E+(n 11 7a10 0 oe+oo 
3- f3(IE+04 lo oe+m 1 la12 

3 4e-10 0 OB+@ 0 *+oo 
19044 0 OE+W lEk.(I5 0 &+OO 

8- 11 8E+Ol l o  b+oo 4 1-13 

4 30-13 4 %E46 

4 8- 180-13 

2 la13 I 
416-07 IouE+ao la h+OQ 4 8E-06 2 70-12 

GZ-1 
5.a-10 

0 OE+OO 120-15 

3 ?a 

4 60-13 

dOs+00 

0 oe+OO 

1 Oe-14 

3 5 1 3  

6 3E-08 

3.2E-of 

4 8Ei-06 

0 OE+O 

2 7E-07 

l o  OE+OO 12 98-10 4 8E-06 I 0 oe+w 
~- 

0 OE+OO 

0 OE+OO 

0 OE+OO 6 la17 I S 8 4 8  llE+OO 4 4e-12 
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TABLE IV 1-25 
ON-!SITE ADULT RESULTS FOR EACH CHEMICAL CONTAMINANT IN "HE MIXTURE (ACCIDENT 

CONDrrION) 

Methylene Chlonde + 
Phenanthrene 

Potasslum 

Silver 

Suitid6 

Toluene 

Zmc 

3 0 4 3  111E+04 11 3E-09 

3 w 3  13E+04 2 3e-07 0 OE+OO 0 &+oo 
3 9e-08 13E+04 0 oe+oo 0 OE+OO 19e-13 

I I 

4 5e-03 10 OE+oo 16 9e-10 

7 7e-08 6 5E+06 0 oe+oo 0 OE+W 12e-16 

39e-04 0 OE+oo 0 oe+oo 1 6E-09 0 oe+oo 
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TABLE IV 1-26 
0F'F-Sl"E CHILD RESULTS FOR EACH CHEMICAL CONTAMINANT IN THE MIXTURE (ACCIDENT 

CONDlTION) 

Methylene chloride 

Nitrate 

Nitrite 

'S l l lOn 

Sulfide 

Toluene 

l z l n C  

I i d s  3 8E+06 0 oe+oo 0 OE+oo I oe-19 

9 8e-07 0 OE+oo 0 oe+oo 0 OE+oo 0 oe+oo 

5 le49 19E+04 9 4e-13 0 OE+W 0 oe+oo 
1 1 d 7  4 5E+m 9 oe-10 0 OE+oo 0 b+oo 
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Ummm234 

uf8alum235 

1 . m  2 63-08 4-10 

7- 2 5E-08 1 *ll 

0 51 598-06 

7 3u3-05 148-12 

cresPm137 177e-08 1 19E-11 1 158-18 3 90-12 

1 7 4 1  049 

9 28E43 2 ld)8 

1 7 -  
StXOlItlW 
89/90 I 62E11 I 4 6 1 7  

1 m-03 9 70-10 

6-48 3 3043 

0 13 

0.14 2 3 4 3  

0 13 

0 12 2-4af)3 
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OFF 

Radlonllchde 

Anxmcium 241 

Cesium 134 

Cesium 137 

Plutomum 
2391240 

Radlum 226 

Stronhum 

Uraruum 233 

Uraruum 234 v U m u m  235 

TABLEIVIUI 

(ACCIDENT CONDITION) 
SITE ADULT RESULTS FOR EACH RADIONUCLIDE IN TEE MIXTURE 

Intake (~CI) Slope Factor Incremental Dose Dose 
(Rt~pcO Cancer h s k  Conversion EqUlValent 

Factor (mrem) 
(=mw) 

2 6e-07 3 2E-08 8 2e-15 0 51 13e-07 

4 38-10 2 8E-11 12e20 7 30E-05 3 le-14 

178-09 1 9E-11 3 3e-20 5 00E-05 8 68-14 

7 6e-03 3 8E-08 2 9e 10 0 49 3 7e-03 

5 oeO8 I 15e 16 1 928E-03 I 46e-10 

16e-08 6 2E-11 1 Oe-18 1 32E-03 2 2e-11 

1 8e-07 7 8E-14 14e20 6 40E-08 12e-14 

1 48-07 2 7E-08 3 9e-15 0 13 1 9 4 8  

36e-04 I 26E-08 I 94e-12 I 0 1 4  

1 6e-05 2 5E-08 4 le 13 0 13 2 le46 

4 4e-04 2 4E-08 1 Oe-11 0 12 5 2e-05 

WPf IV 1-54 OU4 Ropolod lMmU EA h u m  L k u m u ~  
Fcbnuy IO 199S 



120-05 3 2w8 3 70-13 

2 8E-11 5 4e-19 730E-05 114612 

78608 1 9fl-11 1 Sa18 JUXWS 1390-12 Cesrum 137 

RadIum226 

388.08 I 17601 
049 

3 aE-09 6 7e-15 

7 4 4 7  6 2E-11 4 60-17 I 97a10 
13- 

83046  7 8E-14 6rooE-o% 1538-13 6.50-19 

2 3E-08 1 76.13 0 13 I &.la07 

I urrntum234 2 6- 4 20-10 0 14 1 2.38-03 

F U N U ~ ~  238 

2 5E-08 190-11 8-13 19- 

2 b - m  2 4E-08 4 7040 0 12 12- 
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TABLE IV.1-30 
OFF4ITE CHILD RESULTS FOR EACH RADIONUCLIDE IN THE MIXTURE 

(ACCIDENT CONDITION) 

3 2E-08 

2 8E-11 

1 9E-11 

3 8E-08 

Wonuchde 

5 78-15 

8 3e-21 

2 3e-20 

2 oe-10 

Cancer h s k  

~-~ ~ ~ 

5 00E-05 

0 49 

9 28E-03 

~ 

Amencium 241 

Chum 134 

Cesium 137 
~ 

5 9e-14 

2 66-03 

3 2-10 

Plutonlum 
2391240 

1 8 0 0 7  

3 oe-10 

12e-09 

5 3e-03 

Radium 226 I 3 443-08 1 3 0 ~ 4 9  I 1 Oe-16 

Stronhum 1 le-08 6 2E-11 
89/90 

Tnhum 136-07 7 8E-14 

Urnurn233 998-08 2 7E-08 

Umum234 25e-04 2 6E-08 

7 oe-19 

9 9e-21 

2 7e-15 

6 5e-12 

Umum235 I 1 le-05 I 25E-08 I 2 8e-13 

Umum238 I3Oe-04 I 24E-08 ~ ~ ~ 1 7  2e-12 

0 51 I9Oe-08 

6 4OE-08 8 2e-15 

0 13 1 3e-08 

0 14 3 5e-05 

0 13 1 5e-06 

0 12 I 36e-05 
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PROPOSED CONCEPTUAL 

SOLAR EVAPORATION PONDS, OPERABLE UNIT 4 
ROCKY FIATS PLANT, GOLDEN, COLORADO 

POST-CLOSURE MONITORING AND ASSESSMENT PLAN 

This plan is the proposed conceptual post-closure monitonng and assessment plan for 
the final engineered cover at the Solar Evaporation Ponds (SEP), Operable Unit 4 (OU4) at the 
Rocky Flats Environmental Technology Site (WETS) in Golden, Colorado The purpose of this 
conceptual post-closure monitonng and assessment plan is to provide the basis for the detailed 
design of an integrated set of monitonng systems capable of providing the types of data required 
to assess the performance of the final engineered cover This plan also descnbes, in conceptual 
terms, the manner in which these data will be acquired, compiled, manipulated, interpreted, and 
utilized for the purpose of assessing the characteristics and dynamics of the final engineered 
cover, the vadose zone, and the upper hydrostratigraphic unit ground water system Finally, this 
plan provides the general basis for routine barner inspection and care procedures once the 
system is in place This plan complies with applicable federal regulations (40 CFR 264 Subpart 
G) and state regulations (6 CCR 264 Subpart G and proposed Subpart S) and follows applicable 
guidance documents (Cullen and Everett, 1993) The plan is intended to also serve as the final 
post-closure care and monitonng plan for the solar ponds after closure occurs While review and 
approval will not occur until some time in the future, the plan has been prepared for submittal 
with the IM/IRA Decision Document so that agency input can be received early in the process, 
and so that any devices or monitonng approaches that may be deemed unacceptable to the 
regulatory agencies are modified to assure acceptability 

~ a 

v. 1 
INTRODUCTION 

V.1.1 Purpose and Objectives 

The engineered barner is a hybnd design with a performance period exceeding 1,000 years 
The CHWA regulations require a post-closure care and monitoring penod of 30 years, which 
can be lengthened or shortened by the Department of Health This penod will begin following 
closure and will be used to determine the initial effectiveness of the engineered barrier 

V 1.2 Description of Post-Closure Monitorrng Systems and Programs 

Three pnmary monitonng systems and implementation programs are selected, 
conceptually designed, and descnbed in this plan They include the following 

Final engineered cover monitonng system (including both moisture content 
monitoring and slope stability monitonng) and implementation program, 

I Vadose zone monitoring system and implementation program, and 

Ground water monitoring system and implementation program 

v- 1 
Purl V Post Closure Mautonmg and krscssmnt 

Januuy 1995 



All three post-closure monitonng programs will be implemented concurrently with 
the objective of identifying impacts to environmental media from beneath the final engineered 
cover and assessing the performance of the final engmeered cover Each program is designed 
to provlde early wamng of migration to a potential medium or receptor The final engineered 
cover monitonng system and program are designed to measure a loss of integnty of the cover 
and provide early warning of the potential for water movement into the waste pile The 
monitonng program also includes slope stability monitonng to assess the stability of the cover 
and to provide early warning of potential slope failure 

The vadose zone monitonng system and program are designed to monitor for 
movement of liquids through the vadose zone and provide early warning of the potential for 
contaminant migration to the ground water system The vadose zone monitonng system is also 
designed to detect movement of water into the waste pile from sources other than infiltration 
The ground water monitonng system and program are designed to detect releases from beneath 
the cover and the vadose zone to the ground water The ground water monitoring system and 
program will function as an early warning system to downgradient potential receptors The 
ground water monitonng system includes an upper hydrostratigraphic unit ground water 
monitonng network 

The three monitoring systems outlined above will provide several stages of early 
warning of conditions which may be precursors to a release from the closed unit 
Instrumentation will be included in the vadose zone monitoring network to verify the presence 
of excess moisture and to identify any waste constituents present in the pore liquids With this 
information, preemptive remedial actions can be taken to prevent a release and to avoid a costly 
ground water cleanup effort The traditional RCRA monitonng approach does not give warning 
of a release until ground water is already contaminated 

13) 

A second and equally important consideration driving the need for the monitoring 
systems specified above is the eventual closure and cessation of the monitoring programs 
RCRA regulations specify a 30 year monitonng penod, at the end of which the monitoring 
program and performance data must be evaluated to determine if the monitonng may be 
discontinued The amount and types of data required to satisfy the regulatory agencies that a 
facility is performing as designed have not yet been specified However, it is highly likely that 
ground water monitonng alone will be insufficient to justify cessation of monitoring The body 
of data available from the three monitonng programs outlined above should provide sufficiently 
detailed information to fully understand the performance of the final engineered cover, and to 
justify elimination of all or most of the monitoring after the specified 30 year period 

The monitonng systems proposed in this conceptual design are not limited to 
monitoring to detect releases that occur from the closed unit They are also designed to provide 
an understanding of the performance charactenstics of the engineered cover under varying 
climatological conditions This understanding is required in order to develop sufficient 
confidence in the cover design to eliminate active monitoring and maintenance of the cover 
system beyond the 30 year monitoring period In addition, sufficient areal coverage is required 
in the monitoring instrumentation to be able to pinpoint a specific portion of the cover in the 
event a potential release is detected A higher degree of areal coverage will allow for 
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identification of problems in limited areas, which may only require small repars in the cover, 
versus a falure over the enhre cover which would indicate a design problem 

V.1.3 Organization of the Plan 

This plan is organized into nine major sections Section V 2, Design Basis, includes 
an overview of the regulatory framework under which this post-closure monitoring plan was 
developed It also identifies the performance cntena that were established to facilitate 
appropnate selection of the three post-closure monitonng systems The section explains how 
the design of the final engineered cover is integrated with the post-closure monitonng systems 

Section V 3, Technology Evaluation and Selection, explams how the various vadose 
zone monitonng technologies were selected based on the cnteria of effectiveness, 
implementability, and relative cost, and how the optimum set of monitonng technologies were 
assembled in a manner that fulfills the applicable performance cnteria identified in 
Section V 2 2 

Section V 4, Conceptual Design of Monitonng System, develops the monitoring 
alternatives assembled in Section V 3 to the conceptual level At this point in the design 
process, the systems are portrayed schematically in plan view and profile (when applicable) and 
in the context of the final engmeered cover design It is important to design the monitoring 
system in the context of the final engineered cover design at this conceptual level because the 
engineered barner and the monitonng systems are so closely integrated The integration of the 
two designs will continue in all subsequent phases of design and construction 0 

Section V 5, Sampling and Analysis Plan, identifies the types of samples that will be 
collected and the types of analyses that will be performed for all three components of the post- 
closure monitonng system The level of detail provided in this conceptual document is relatively 
low, but includes the proposed sampling/measurement frequencies and proposed analyses (when 
applicable) 

Section V 6, Monitonng System Assessment Program, discusses what data will be 
evaluated and provided in the Annual Monitonng Assessment Reports The major components 
of these annual reports are outlined in this section 

Section V 7,  Post-Closure Care Activities, identifies the required components of the 
Engineered Barrier Inspection and Care Program The applicable record keeping and reporting 
practices that are currently used by EG&G dunng monitonng activities at the RFETS are also 
described These same practices will be utilized during post-closure monitoring system 
construction and monitonng Where applicable, RFETS Standard Operating Procedures (SOPS) 
are cited A bnef descnption and the intent of each of these components is provided in this 
section 

Section V 8, Post-Closure Performance and Assessment, describes the required types 
and frequency of reporting that will occur to document the performance of the final engineered 
cover The types of data and methods by which they will be presented in these Performance and e 
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Assessment reports are outlined in this section These reports serve as a mechanism to assess 
the status of the post-closure monitonng systems and the reports may also serve as the basis for 
proposals regarding modifications to the sampling program or frequency Such modifications 
may include recommendations for the upgrade and/or abandonment of certain portions of the 
system through time 

Section V 9, Monitonng System Abandonment, descnbes the methods that will be 
used to abandon specific components of the post-closure monitonng system Where applicable, 
WETS SOPS are cited 

Cost and Schedule information and an Implementation Plan (Construction Narrative) 
are not included in this document Because the cost, schedule, and implementation plan for the 
post-closure monitonng system are integrated with those for the final engineered cover, the cost, 
schedule, and implementation plans for the post-closure monitonng system were integrated into 
Part IV of this document A bnef summary of important cost assumptions is provided in Section 
v 5 4  

V 1 4 Integration with Future RFIIRI Activities 

Planned future RFI/RI activities in OU4 will investigate potential impacts to ground 
water in the area Although the schedules are uncertain, efforts will be made to ensure 
commumcation between the groups developing and conductmg the RFI/EU and the parties 
developing the post closure operation network An opportunity exists to combine and integrate 
the ground water monitonng system of the future RFI/RI activities with the monitoring system 
for the OU4 post-closure activities This is especially true since the planned future RFI/RI 
activities are scheduled to occur before construction of the final engineered cover and post- 
closure monitoring system This plan will be integrated to the greatest extent possible and 
practical with the future RFI/RI activities such that the data collected for each program 
complement but do not duplicate or compromise the other Commonality between the two 
activities will most likely occur in the ground water monitoring aspects of the two activities, 
including well locations 

0 
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v 2  
DESIGN BASIS 

V 2.1 Regulatory Framework 

Remediation of OU4 is part of a comprehensive, phased program of characterization, 
remedial investigations, feasibility studies, intenm measures/remedial actions, and 
remedial/corrective actions currently in progress at WETS These investigations are pursuant 
to an Interagency Agreement (IAG) among the U S Department of Energy (DOE), the U S 
Environmental Protection Agency (EPA), and the Colorado Department of Public Health and 
the Enwronment (CDPHE) dated January 22, 1991 The IAG addresses general and specific 
regulatory requirements identified in the following environmental acts as administered by the 
EPA 

Resource Conservation and Recovery Act (RCRA), 

Hazardous and Solid Waste Amendments [to RCRA] of 1984 (HSWA), 

Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), and 

In addition to and consistent with the IAG, the remedial activities at the WETS are 
conducted under the requirements stated in the HSWA permit issued to DOE by the CDPHE 
Under both the IAG and the HSWA permit, the IAG addresses general and specific regulatory 
requirements identified in the Colorado Hazardous Waste Act (CHWA) as administered by the 
CDPHE State regulations governing the management of hazardous wastes are contained in 6 
CCR 1007-3 The final remedy for the SEPs, as addressed in the IAG and HSWA process, 
must meet the administrative and substantive requirements of State closure and post-closure 
plans 

Superfund Amendments and Reauthorization Act of 1986 (SARA) 

The IAG outlines the regulatory process which satisfies the requirements of these 
environmental acts (Table 6 in the IAG) Currently, the SEPs are considered an interim status 
unit under closure and post closure care per the requirements of 6 CCR Part 265 Subpart G for 
surface impoundments The IM/IRA is equivalent to the State’s Closure Plan, the specifics of 
the post-closure activities will be contained in the Post Closure Permit By reference, the 
interim status regulations for post-closure care monitoring incorporate the substantive 
requirements of Part 264 Subpart F for permitted facilities Additionally, the HSWA permit 
requires post-closure care monitoring of the closed unit Therefore, the Post-Closure Care 
Monitoring and Assessment Plan will substantially meet the requirements of 6 CCR Part 264 

The monitoring and assessment program is divided into three components 1) final 
engineered cover system, 2) vadose zone system, and 3) ground water system Each component 
was designed to be in conformance with applicable RCRA regulations, as well as other 
applicable or relevant and appropriate requirements (AR4Rs) Where applicable, the technical 0 
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rationale and detal of each monitonng system and associated data assessment programs was 
designed wth  the a d  of relevant technical guidance documents 0 

Note that other monitonng and maintenance activities will be required as part of post- 
closure care, specifically monitonng, inspection, and maintenance of the final engineered cover 
system (264 118(b), 264 310 (b)) The general scope and requirements of these activities are 
presented in Section V 7 of this document for informational purposes Specific requirements of 
these activities w11 become evldent as the design progresses Then, specific details regarding 
inspection activities, monitonng and inspection frequencies, performance assessment and 
performance cntena will be developed This information will be presented in the post-closure 
Plan 

V.2 1.1 Final Engineered Cover Monitonng System 

Specific regulations prescribing monitonng requirements for cover systems are not 
promulgated to date Available technical guidance for both cover design (USEPA, 1991) and 
vadose zone monitonng system (Durant et a1 , 1993) served as the design basis for a monitoring 
system that emphasizes the early detection of moisture migration within the cover and the waste 

EPA (1992) states its position on vadose zone monitonng in the recent update to the 
RCRA Groundwater Technical Enforcement Guidance Document (TEGD) entitled "RCRA 
Groundwater Monitonng Draft Technical Guidance" (EPN530-R-93-001) In this document, 
EPA states "The Agency recommends unsaturated zone monitoring where it would aid in 
detecting early migration of contaminants into groundwater The Regional Administrator 
also can require this monitoring on a case-by-case basis as necessary to protect human health and 
the environment under 3004(u) and 3005(c) It Federal direction for vadose zone monitoring is 
also provided in this EPA document wherein it IS stated that vadose zone monitoring can be used 
to detect any release(s) from the hazardous waste management area before significant 
environmental contamination has occurred Further, the guidance states that "The use of vadose 
zone monitonng equipment can potentially save the ownedoperator considerable expense by 
alerting him or her to the need for corrective action before large volumes of the subsurface have 
been contaminated It Lastly, the guidance document states "Moreover , the Agency is currently 
updating its existing guidance on vadose zone monitonng I' That vadose zone guidance has been 
submitted in draft form to EPA (Cullen and Everett, 1993) In the interim, the elements, 
applications, and limitations of a vadose zone monitoring program are provided by Wilson 
(1980) and USEPA (1986) 

0 

It is highly likely, based on the current Federal EPA and State Agency trend toward 
requiring vadose zone monitoring, that vadose zone monitonng will eventually be required for 
the SEP unit Preliminary guidance from CDPHE confirms that this is the case In the event 
that vadose zone monitoring were required at a later date, the cost of retrofitting the SEP facility 
with vadose zone monitonng equipment would far exceed the cost of installing such equipment 
during the construction of the engineered cover In addition, the potential for damaging, and 
subsequently requiring repair of, the engineered cover during a vadose zone monitoring 
installation is extremely high Therefore, the design of the monitoring systems outlined in this 
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document represents a less costly alternative than retrofitting in the event that future regulations 
require vadose zone monitonng 

With regard to CERCLA guidance, EPA states (Guidance for Remedial Actions for 
Contaminated Groundwater at Superfund Sites, EPA/540/G88/003) that "Another goal of 
performance monitonng is to ensure that any source control action completed at the site 
effectively prevents further degradation of ground water To achieve this goal, it may be 
necessary to monitor the unsaturated zone using techniques such as soil-gas monitoring to detect 
contaminants before they reach the ground water 'I 

V 2.1.2 Vadose Zone Monrtonng System 

Regulabons prescnbing specific monitonng requirements for the vadose zone beneath 
closed surface impoundments, such as the SEP, have not been promulgated to date Technical 
guidance for such a program, however, is based on vadose zone monitonng requirements for 
land treatment units (CCR 264 278) Specific requirements of the vadose zone monitoring 
program for hazardous waste landfarms include the installation of a sufficient number of 
sampling points at appropnate locations and depths to yield samples to represent background 
concentrations not affected by the unit (CCR 264 278 (b)) and to detect statistically significant 
changes in concentrations for any hazardous constituent (CCR 264 278 (f)) In the case of the 
SEP closure, background concentrations are compared to soil-pore water quality conditions 
beneath the engineered barner and above the subsurface dranage layer This program is 
presented in Section V 4 of this document 

Vadose zone monitoring requirements under CCR 264 278 also include the 
development and use of consistent sampling and analysis procedures to ensure results that 
provide a reliable indication of soil-pore liquid quality These procedures include sample 
collection, preservation and shipment, analytical procedures, and chain of custody control 
These procedures are discussed in Section V 5 2 of this document 

To a d  in the design of a vadose zone monitonng program and the assessment of data 
collected under such a program, the USEPA has developed technical guidance document 
including EPA's approach to vadose zone monitonng (Durant et a1 , 1993) and the "Draft Permzt 
Writer 's Guidance Manual for Monitoring Unsaturated Regions of the Vadose Zone at RCRA, 
Subtztle C Faczfztzes" (Cullen and Everett, 1993) These documents were used to develop the 
conceptual design for the vadose zone monitonng system for the SEP closure 

V 2 1 3 Ground Water Monrtonng System 

Post closure monitoring of ground water is required under 6 CCR 1007-3, Part 265 
This monitonng program is subject to regulations governing releases from applicable units (265 
Subpart F) including requirements for the ground water monitonng system (265 91), sampling 
and analysis (265 92), data evaluation and response (265 93) and recordkeeping and reporting 
(265 94) Applicable units include those that received hazardous waste after July 26, 1992 and 
closed after January 1 ,  1983 0 
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The general ground water monitonng requirements include the design of a sufficient 
number of wells to 1) represent background water quality, 2) represent water quality at the 
point of compliance, and 3) allow for detection of contamination emanating from the regulated 
umt Th~s program is descnbed in Section V 4 3 of this document 

The general ground water monitonng requirements include the adequate construction 
of monitonng wells (265 91(c)), the collection of ground water samples (265 92(a)), and the 
analysis of samples (265 92 (b)) These procedures are descnbed in Section V 5 3 of this 
document 

Finally, the general ground water monitonng requirements include procedures to be 
These used in evaluating ground water monitonng data (265 93) and assessment of data 

procedures are presented in Section V 6 of this document 

To aid in the development of the ground water monitonng program, the USEPA has 
developed numerous technical guidance documents including "Ground Water Monitoring Draft 
Technical Guidance" (USEPA, 1992) and "The Statistical Analysis of Ground Water Monitoring 
Data at RCRA Faczlities" (USEPA, 1992) These guidance documents were used to develop the 
ground water monitoring program for the SEP 

V 2.2 Performance Cntena 

Preliminary performance cnteria have been developed to evaluate technologies that 
may potentially be used in the monitonng system for the remedial action at OU4 Technologies 
that do not meet these performance cntena will not be considered for use The criteria were 
developed to establish the minimum level of performance for the post-closure monitoring and 
assessment system These performance cntena are based on limited quantitative requirements 
for the post-closure monitoring systems Specific, quantitative requirements will be negotiated 
with CDPHE dunng the Post Closure Permit application process This conceptual design and 
the performance requirements specified herein do not serve as final post-closure monitonng 
requirements The criteria in this section are for the purpose of identifying and screening 
potential technologes for use in monitonng the performance of the selected remedy 

Because the engineered covedbarrier, vadose zone, and ground water components of 
the monitoring system will differ in design and methods, the performance criteria for each 
system are, for the most part, unique However, the primary goal of each monitoring system 
is to verify that the selected remedial alternative is providing the intended containment and 
isolation of potential ground water contaminants 
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0 V.2.2 1 Engineered Cover Monitonng System 

The performance cntena for the engmeered cover component of the monitonng 
In order for the engineered cover monitoring system to be system at OU4 are listed below 

selected for implementation, it must 

1) Be feasible to install, operate and sample with respect to the site hydrogeology 
and the selected engineered remedial alternative. 

It must be physically possible to install the proposed sampling and measurement 
instrumentation and equipment Sampling and measurement instrumentation and 
equipment to be installed as a part of the post closure cover/vadose zone monitoring 
system must be capable of operating under the site conditions as dictated by the 
hydrogeology and engmeered design of the site 

3) 

4) 

Provide data that can be used to identify and provide early warning of conditions 
conducive to penetration of water through the final engineered cover 

The final engineered cover is designed to prevent movement of infiltrating 
precipitatlon waters into the consolidated matenals The monitoring system must 
provide data that will indicate when conditions are such that infiltrating water can 
potentially move through the overlying final engineered cover system and into the 
underlying consolidated matenals Such conditions are indicated by a combination 
of analysis of climatic (precipitation) data and soil moisture data in the cover 
matenal Monitonng by use of climatic data alone is not sufficient because of the 
potential concentration of runoff waters at the surface (it is assumed that a surface 
drainage system will be incorporated into the barrier design), and the consequences 
of unusually heavy and/or sustained penods of precipitation 

Provide adequate spatial coverage 

The monitonng system must provide spatial coverage such that it is reasonably certain 
that the development of conditions potentially conducive to infiltration into the waste 
pile will be detected The monitoring system must also provide adequate spatial 
coverage to allow specific problem areas to be identified where migration of fluids 
may be occurnng 

Provide adequate temporal coverage 

The monitoring system must provide temporal coverage such that early warning of 
conditions conducive to infiltration and potential contaminant migration from the 
waste pile can be achieved before impacts to ground water occur The monitoring 
system must also be capable of collecting sufficient data to identify seasonal trends, 
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if any, in the monitonng parameters and allow analysis of the correlation between 
hydrologc events that occur outside of the cover with those that occur within 

Provide data upon which to base a release response action. 

I e 7 )  

Measurement of a change in the subsurface soil moisture conditions within the final 
engineered cover indicates potential subsurface migration It does not provide 
diagnostic evidence that contaminants have migrated from the waste pile The 
monitonng system must provide data of sufficient sensitivity necessary to make 
decisions regarding an appropnate response Threshold values of change that would 
tngger initiation of an appropnate response must be identifiable Appropnate release 
responses are vaned and site-specific, but they may include actions such as an 
unscheduled maintenance inspection of the final engineered cover system 

Provide for remote and automatic monitonng of data. 

Regular manual monitoring over an extended penod of time requires a significant 
annual expenditure of resources in terms of the labor and equipment required to 
obtain the data The monitoring system must be capable of automatic acquisition and 
logging of data to reduce long term operation and maintenance costs Remote access 
of data generated by the monitonng system must be available via telemetry or 
telephone hookup 

Be integrated into the design and construction of the selected remedial 
a1 terna tive 

The cost of installation of monitoring points is generally greater when implemented 
after construction of the remedial alternative In order to maximize efficiency of 
construction and the effectiveness of the monitonng system in terms of placement of 
the monitonng points, the monitonng system must be integrated into the design and 
construction of the final engineered cover The monitoring system must be integrated 
into the design of the final engineered cover such that it does not substantially or 
unnecessanly interfere or compromise the integnty of the final engineered cover 

Incorporate monitoring techniques that are precise 

The monitonng system must provide measurements and or samples that have an 
acceptable degree of precision Standards of precision will vary with the particular 
lund of instrumentation selected for use in the project Measurement precision 
standards will be identified, in subsequent documentation, that address evaluation of 
alternative parameter measurement techniques and equipment Variability that is 
measuredhampled with the monitoring system must be attributable to the media or 
conditions being monitored, and must be distinguishable from variability introduced 
by the monitoring system itself 
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Incorporate planned redundancy. 

The system must be designed such that fadure of one monitonng point does not result 
in falure of the entire monitonng system Redundant sampling and measurement 
systems are necessary due to the complexities of unsaturated conditions in the 
engineered cover and because of the construction cost associated with replacement of 
such systems Redundant systems must act in a confirmatory capacity in terms of 
acquisition and interpretation of monitonng data, as well as in the case of instrument 
failure 

10) Be cost effective to install, operate, and maintain 

The financial resources for remediation and post-closure monitoring are finite The 
design of the post closure monitonng system must be fiscally efficient as well as 
protective of human health and the environment by providing early warning of 
conditions conducive to contaminant migration to the water table Systems requiring 
excessive maintenance are not practical, and will not be considered 

11) Incorporate proven technologies that have a record of performance for 
measunng, sampling, and analyzing soil and vadose zone monitoring parameters. 

Implementation of a monitonng system for the final engineered cover does not 
represent a research effort, and is not intended as a development or testing program 
for innovative monitonng techniques The primary monitoring system will consist 
of equipment and techniques that have been previously tested 

Should not compromise the functioning of the engineered cover in any way 

The effect of the monitonng equipment upon the integnty of the engineered cover 
will be evaluated, and methods will be developed not to adversely impact or affect 
the engineered cover All necessary actions will be taken to ensure the integrity of 
the engineered cover is not compromised 

V 2 2 2 Vadose Zone Monitoring System 

The performance cnteria for the vadose zone component of the monitonng system at 
In order for the vadose zone monitoring system to be selected for OU4 are listed below 

implementation, it must 

1) Be feasible to install, operate and sample with respect to the site hydrogeology 
and the selected engineered remedial alternative. 

It must be physically possible to install the proposed sampling and measurement 
instrumentation and equipment Sampling and measurement instrumentation and 
equipment to be installed as a part of the post-closure vadose mne monitoring system 

v-11 



3)  

4) 

5) 

must be capable of operating under the site conditions as dictated by the 
hydrogeology and engmeered design of the site 

Provide data that can be used to identify the production and migration of 
leachate within the waste pile. 

Production of leachate within the waste pile (whether as the result of vertically 
infiltrating waters or laterally intruding waters) will be prevented by the final 
engineered cover, and by preserving low unsaturated hydraulic conductivity of the 
waste as indicated by soil moisture conditions in the waste pile The monitoring 
system must be capable of identifying moisture conditions within the waste pile that 
indicate the production of leachate or of significant migration of leachate from the 
waste pile Detection of water movement into, within, or out of the waste pile will 
be considered an indicator of conditions conducive to potential leachate migration 

Provide data that can be used to identify the movement of water into the waste 
pile. 

Water movement into the waste pile is undesirable as it may be a precursor to 
producbon and subsequent migration of leachate Monitoring points must be installed 
to identify water moving into the waste pile (from sources other than surface 
infiltration monitored by the final engineered cover monitoring system, Section 
V 2 2 l), including 1) lateral sources, as in the case of perched water moving along 
honzontal preferential flow pathways, and 2) below, as in the case of a rising water 
table Detection of water movement into, within, or out of the waste pile will be 
considered an indicator of conditions conducive to potential leachate migration 

Provide data that can be used to identify movement of leachate out of the waste 
pile 

Monitonng points must be installed such that conditions can be identified that indicate 
water movement out of the waste pile Detection of water movement into, within, 
or out of the waste pile will be considered an indicator of conditions conducive to 
potential leachate migration 

Provide adequate spatial coverage 

The OU4 subsurface was charactenzed in Part I1 of this IM/IRA-EA DD Part of 
the purpose of that characterization was to identify vadose zone contaminant transport 
pathways The monitonng system must be designed to monitor the vadose zone 
contaminant transport pathways as identified in Part I1 In addition, the monitoring 
system must provide sufficient spatial coverage to identify problem areas within the 
cover area 
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7 )  

9) 

Provide adequate temporal coverage. 

The monitonng system must provide temporal coverage such that early warning of 
conditions conducive to potential contaminant migration from the waste pile can be 
achieved in the underlying vadose zone before potential impacts to ground water 
occur The monitonng system must also be capable of collecting sufficient data to 
identify seasonal trends, if any, in the monitoring parameters and allow analysis of 
the correlation between hydrologic events that occur outside of the waste pile with 
those that occur within 

Provide data upon which to base a release response action. 

Measurement of changes in the vadose zone soil moisture conditions indicates the 
potential for subsurface migration It does not provide diagnostic evidence that 
contaminants have migrated from the waste pile The monitonng system must 
provide data of sufficient sensitivity to make decisions regarding an appropriate 
release response Threshold values of change in the measured parameters, that will 
tngger initiation of an appropnate release response, must be identifiable Appropriate 
release responses are vaned and site-specific but may include actions such as an 
unscheduled maintenance inspection of the final engineered cover, direct sampling 
and laboratory analysis of vadose zone pore liquids using suction lysimetry, or 
dewatenng of perched water layers Lysimetry will be used to determine the pore 
water chemistry in order to establish whether or not a release has occurred 

Provide for remote and automatic monitoring of data. 

Regular manual monitonng over an extended period of time requires a significant 
annual expenditure of resources in terms of the labor and equipment required to 
obtain the data The monitonng system must be capable of automatic acquisition and 
logging of data to reduce long term operation and maintenance costs Remote access 
of data generated by the monitonng system must be available via telemetry or 
telephone hookup 

Be integrated into the design and construction of the selected remedial 
alternative 

The cost of installation of monitoring points is generally greater when implemented 
after construction of the remedial alternative In order to maximize efficiency of 
construction and the effectiveness of the monitoring system in terms of placement of 
the monitoring points, the monitonng must should be integrated into the design and 
construction of the selected remedial alternative The monitonng system must be 
integrated into the design of the selected remedial alternative such that it does not 
substantially or unnecessarily interfere or compromise the integrity of the selected 
remedial alternative 
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Incorporate monitonng techniques that are precrse. 

The monitonng system must provide measurements and or samples that have an 
acceptable degree of precision Standards of precision will vary with the particular 
land of instrumentation selected for use in the project Measurement precision 
standards will be identified, in subsequent documentation, that address evaluation of 
alternative parameter measurement techniques and equipment Vanability that is 
measured/sampled with the monitonng system must be attnbutable to the media or 
conditions being monitored, and must be distinguishable from vanability introduced 
by the monitonng system itself 

Incorporate planned redundancy 

The system must be designed such that filure of one monitonng point does not result 
in failure of the entire monitonng system Redundant sampling and measurement 
systems are necessary due to the complexities of unsaturated conditions in the vadose 
zone and because of the construction cost associated with replacement of such 
systems Redundant systems must act in a confirmatory capacity in terms of 
acquisition and interpretation of monitoring data, as well as in the case of instrument 
failure 

Be cost effective to install, operate, and maintain. 

The financial resources for remediation and post-closure monitoring are finite The 
design of the post closure monitoring system must be fiscally efficient as well as 
protective of human health and the environment by providing early warning of 
conditions conducive to contaminant migration to the water table Systems requiring 
excessive maintenance are not practical, and will not be considered 

Incorporate proven technologies that have a record of performance for 
measunng, sampling, and analyzing soil and vadose zone monitoring parameters. 

Implementation of a vadose zone monitoring system does not represent a research 
effort, and is not intended as a development or testing program for innovative 
monitonng techniques The pnmary monitonng system will consist of equipment and 
techniques that have been previously tested 
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V.2.2.3 Ground Water Monitoring System a - 
The performance cntena for the ground water component of the monitoring system 

In order for the ground water monitonng system to be selected for at OU4 are listed below 
implementation, it must 

1) Comply with appropriate regulations. 

Ground water monitonng programs for HSWA permitted land units such as OU4 are 
regulated under 40 CFR (Resource Conservation and Recovery Act) Part 264 and 6 
CCR (CHWA) Part 264 Standards for Owners and Operators of Hazardous Waste 
TSD Facilities Statistical analysis of ground water-quality data is governed by the 
EPA guidance document "Statistical Analysis of Ground Water Monitoring Data at 
RCRA Facilities" (USEPA, 1989) 

0 3)  

4) 

Be feasible to install, operate, and sample with respect to the site hydrogeology 
and the selected engineered remedial alternative. 

It must be physically possible to install and access the wells included in the 
monitonng system Individual components of the ground water monitoring system 
must be compatible and appropriate for site hydrogeology and the selected remedial 
alternative 

Be integrated into the design and construction of the selected remedial 
alternative. 

The monitonng system must be integrated into the design of the selected remedial 
alternative, to the extent required, such that it does not in any way interfere or 
compromise the integnty of the selected remedial alternative Wells may be located 
within the penmeter of the site remedial alternative These wells must be installed 
during construction of the alternative 
Sufficient room to perform well sampling also needs to be provided 

Access to the wells must also be ensured 

Be consistent with the "RCRA Ground Water Monitoring* Draft Technical 
Guidance" (USEPA, 1992). 

Well casing must be screened and the annulus filled with properly sized sand across 
the aquifer section(s) of concern The annulus shall be filled with cement grout or 
bentonite slurry above the aquifer The wells will require replacement and 
maintenance over time due to problems such as biological and sediment fouling of the 
screen Well maintenance must be consistent to ensure that the ground water-quality 
data are comparable over time Well replacement and/or maintenance activities 
should not compromise the accuracy or precision of the ground water quality data 
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5) Be capable of yielding ground water in sufficient quantity to provide ground 
water samples for the required analyses. 

The wells must be of a large enough diameter and be correctly screened to allow 
purging and sample collection in sufficient quantity to complete the required analyses, 
recogninng that there may be limitations in ground water yield due to the aquifer 
charactenstics Alternative purging methods will be evaluated and those judged 
appropnate will be incorporated into the SOP To the extent possible, monitonng 
wells will be installed in locations that yield a sufficient flow and recovery rate 

Provide ground water-quality data from wells both hydraulically upgradient and 
downgradient of OU4. 

There shall be an appropnate number of upgradient wells that are constructed in the 
upper hydrostratigraphic unit and are not affected by OU4 There shall be an 
appropriate number of wells at the downgradient limit of OU4 The downgradient 
wells may be located at the edge of the engineering barner, or as close to the edge 
of the barner as practical, gven particular elements of the design such as access 
roads or drainage The downgradient wells shall be constructed in the appropriate 
aquifer and provide timely detection of constituents of concern that may have 
potentially migrated from the closed unit to the aquifer The location and number of 
wells shall be sufficient to provide ground water-quality data representative of the 
entire upgradient and downgradient flow across OU4 

V 2 3 Integration of the Monitonng Systems with the Final Engineered Cover Design 

Installation of the monitonng equipment for each of the proposed monitoring systems 
requires integration with the design of the final engineered cover to ensure compatibility of 
materials as well as feasibility of placement The ground water monitoring system may be 
constructed after completion of the final engineered cover, however, integration of existing wells 
and new wells constructed as part of future RI/RFI activities may require planning to prevent 
damage to wells dunng construction of the final engineered cover 

The final engineered cover and vadose zone monitoring systems must be placed in 
concert with the construction schedule for the final engineered cover Much of the vadose zone 
monitonng equipment will be placed directly following removal of the liners, but installation 
must occur in concert with the placement of the gravel underdrain The installation of 
monitoring equipment in the final engineered cover itself must be closely coordinated with the 
placement plans for the final engineered cover 

A precise descnption of the completion and installation of the monitoring system is 
not possible until detals of the engineered barner system are finalized Illustrations of the 
equipment, installation details, mounting details, and details on the abandonment procedures will 
be included as part of the detailed design 
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The majonty of the coordination between the final engineered cover design and the 
monitonng systems design will occur dunng detailed design Additional details on the 
integration of the construction schedules are provlded in the Master Implementation Plan 
(Construction Narrative) (see Part IV) 
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v.3 
VADOSE ZONE MONITORING TECHNOLOGY 

EVALUATION AND SELECTION 

V.3.1 Technology Evaluation and Selection Methodology 

Vadose zone monitonng instrumentation and technologies was first considered as an 
integral component of a ground water quality monitonng system by Todd et al (1975) The 
Environmental Protection Agency recognized the ments of monitonng between the source (1 e 
anthropogenic contaminants) and the target (1 e ground water) and developed one of the first 
institutional evaluations (EPA, 1976) of vadose zone monitonng strategies and instrumentation 
Wilson (1980) and Mornson (1983) later presented general evaluations of vadose zone 
instrumentation and methodologes 

Everett et a1 (1984) summanzed the previous decade of research and evaluation of 
vadose zone monitonng methodologies, suggested methods for conceptualizlng the design of a 
monitonng network, and identified appropnate direct and indirect methods for monitonng 
pollutant movement in the vadose zone Dorrance et a1 (1991) elaborated on direct monitoring 
methodologies for the vadose zone and identified sampling devices that have charactenstics 
which will provide suitable vadose zone pore liquid samples Greacen (1981) and other authors 
(Gamer, 1990, 1991, and 1992, Franklin et a1 , 1992, Brose and Shatz, 1987) provided detailed 
evaluations of indirect monitonng devices with specific emphasis on neutron moderation 

Weirenga et a1 (1993) discussed methods and practices currently accepted for use to 
monitor properties and conditions in the geologic profile in support of a license application for 
the disposal of low-level radioactive waste EPA (1993) provides an extensive list of subsurface 
monitoring instrumentation and techniques which are presented for the purpose of assisting in 

the development of a monitonng plan Cullen (1993) and Cullen et a1 (1993) provide a rationale 
and method of design for a multiphase vadose zone monitonng network Cullen et a1 (1994) 
expand on the design methodology and demonstrate that the cost of remediating a future 
contaminant release far exceeds the cost of current monitonng above the ground water in the 
vadose zone to prevent ground water degradation 

Cullen and Everett (1993) summanzed the extensive previous instrument and 
methodology evaluations in a draft guidance document under review as a companion document 
to EPA (1993) and rules previously drafted and under consideration for adoption which will 
facilitate implementation of vadose zone monitoring at the federal level Many states have 
already adopted vadose zone regulations more stringent than those under consideration by the 
federal government 

This section presents the evaluation and selection methodology used to select the 
preferred monitonng alternative for the final engineered cover and the vadose zone monitoring 
systems The screening process is predated by and relies heavily upon published research into 
and evaluations of the applicable monitoring methodologies This process consists of two parts 
Monitoring technologies that are generally applicable to the monitoring objectives described in 
Section V 1 1 are first identified The technologies are screened to eliminate those that are a 
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limited wth  respect to meeting the technical feasibility of the monitonng objectives Once 
technically feasible technologes are identified, they are evaluated with respect to the 
performance cntena descnbed in Section V 2 2 Screerung of the monitonng options will result 
in a preferred post-closure momtonng system which best satisfies the performance cnteria and 
represents the most appropnate monitonng system for the site 

@ 

An evaluation and selection of ground water monitonng technolopes is not performed 
because ground water monitonng wells are considered the standard technology for monitoring 
ground water quality No other technologies are available which consistently produce reliable, 
high quality data and are capable of meeting the ground water monitoring system performance 
objectives descnbed in Section V 2 2 3 Monitonng wells will be installed, maintained, 
monitored, and sampled according to accepted practices in SOPS (see Section V 6 3) used at the 
Rocky Flats Plant The conceptual design and layout of the ground water monitonng system is 
presented in SecQon V 4 3 

V 3 1.1 Technology Screening Cntena 

The screerung cntena used to eliminate those technologies and process options that 
are limited with respect to meeting the techmcal feasibility of the monitoring objectives are 
descnbed for each technology and process option in Tables V 3-1 and V 3-2 The screening 
critena include the following, listed in order of importance 

Effectiveness 

Implementability 

Relative Cost 

Effectiveness is defined as the ability of a gwen technology to monitor the 
performance of the cover systems, to collect sufficient spatial and temporal data within the final 
engineered cover and the vadose zone beneath the final engineered cover to provide early 
warning of conditions conducive to migration of precipitation and/or leachate through the final 
engineered cover and the waste layer, to have a proven record of providing precise and reliable 
data with respect to the soil moisture conditions of the unsaturated zone, and to protect human 
health and the environment dunng construction phases of the monitonng systems In addition, 
the technology should be reliable and proven with respect to monitonng under local conditions 
at the site The IAG schedule does not allow a lengthy research and development period, thus 
monitoring methodologies and technologies that have been proven only at bench or pilot-scale 
levels without a demonstrated record of full-scale implementability were not considered to be 
proven technologies 

Implementability is defined as the ability of a given monitonng technology to obtain 
necessary approval from government agencies and to comply with regulatory requirements and 
the degree to which a monitoring options is feasible to install, operate, and sample with respect 
to site hydrogeology and the design of the final engineered cover Although implementability 
primarily considers institutional factors, technical implementability is also considered The a 
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defimtion of implementability also includes consideration of the avmlability of required 
equipment and personnel, and integration wth  the cover system and the Phase I1 RFI/RI 
Momtonng ophons whch may compromise the integnty of the final engineered cover when 
installed are determined to not be implementable at OU4 Monitonng systems that penetrate the 
engineered barner in areas which do not overlie waste matenals are considered acceptable 

The cost evaluation cntenon for t h s  preliminary screening is defined as the relative 
capital, operahon, and maintenance costs associated with a given monitonng technology Costs 
are estimated using best engineenng judgement and are presented as low, medium, or high 
Cost compansons are only performed between technologies that are comparable with respect to 
the type of remedial technology Cost is considered the least important cnterion in evaluation 
of the technologes Technologies and process options which are not effective and/or 
implementable are not retamed and are eliminated from further consideration The cost 
evaluation cntenon is used only to eliminate technologes and process options which are 
substantially more expensive than options which are equally effective and implementable 

The following subsections discuss the various monitonng technologies considered in 
ths initial screening process Tables V 3-1 and V 3-2 summanze the screening of technologies 
for the engneered barnedcover monitonng system and the vadose zone monitonng system, 
respectively More detailed descnptions of each process option and its effectiveness, 
implementability , and relative cost are presented in the following subsections 

V 3 2 Descnption of Monitoring Technologies and Process Options 

Two major vadose zone monitoring technologies are available to monitor the 
unsaturated zone The following sections prowde bnef descriptions of direct and indirect pore- 
liquid monitonng techniques which are potentially applicable to development of monitoring 
systems for the final engineered cover and the vadose zone beneath the final engineered cover 
Indirect pore-liquid monitonng refers to vadose zone monitonng techniques which do not 
directly measure the pore-liquids by physically collecting a sample of them Instead, indirect 
pore-liquid monitoring techniques rely on indirectly measunng the state of the unsaturated zone 
by correlating the soil moisture with other physical properties of the soil and pore-liquids 
Direct pore-liquid monitoring techniques are those monitonng methods which are able to collect 
samples of the pore-liquids directly from the vadose zone 

V 3.2 1 Technology Type. Indirect Pore-Liquid Monitoring 

V 3 2.1 1 Vadose Zone Indirect Pore-Liquid Monitoring Option: Tensiometers 

Tensiometers can be used to measure soil water tension, also known as soil suction, 
in unsaturated portions of the vadose zone (ASTM, 1992) A tensiometer consists of a sealed 
body tube with a porous ceramic cup on one end and a vacuum measuring device, such as a 
gauge or transducer, on the other end Water in the pores of the ceramic cup are placed in 
intimate contact with water films in the pores and void spaces of unsaturated soils The pores 
of the ceramic cup are sufficiently small (less than 2 5 micrometers bm] in diameter) such that 
water will be retained against a gradient of at least 100 centibar (cbar) across the cup by 
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capillary forces When placed in a soil with a soil suction greater than zero, water will move 
out of the body of the tube, through the porous ceramic, and into the surrounding soil As the 
water moves out of the tube, a vacuum or negative pressure, is created Water will cease to 
move out of the body of the tube when the vacuum exactly opposes the soil suction drawing the 
water out of the instrument As soil water is depleted by evaporation or transpiration, or 
replenished by precipitation, corresponding changes in soil suction can be measured using the 
tensiometer 

Since tensiometers are vacuum based, the theoretical range of operation is 0 to 1 
atmospheres (atm [l atmosphere is approximately equal to 1 bar]) Because of small leaks, 
dissolved oxygen in water, and other inefficiencies, the practical range of measurement is 
approximately 0 to 0 8 bars at sea level Increasing altitude decreases the range of measurement 
by approxlmately 3 4 cbar per 1000 feet of elevation Measurements made with a tensiometer 
must be corrected for the vertical length of the water column between the ceramic cup and the 
vacuum measunng device Even when the soil surrounding the porous cup of a tensiometer is 
saturated, the uncorrected tension at the readout position will measure 0 1 cbar per centimeter 
(cm) (0 25 cbar per inch) of vertical length between the ceramic cup and the readout 
Furthermore, the range of measurement of the tensiometer is reduced by that length 

For example, at the WETS (elevation approximately 6,000 feet above sea level) with 
a tensiometer cup placed 2 meters below the gauge and ground surface, the range of 
measurement would be as follows 

O l C h u )  = 396cbar 
cm 

80cbars - (6,oooff x 

The above calculation illustrates the fundamental constraints that are inherent to the 
use of tensiometers for subsurface measurement of soil suction Tensiometers are typically best 
suited for applications where the soil suction readings are made within three meters of the 
surface installation point or where soil samples can be brought to the surface so that a 
tensiometer can be subsequently inserted for measurement 

Tensiometers can be successfully used to determine hydraulic head gradients in the 
unsaturated zone and to observe spatial and temporal variations in the soil water status of the 
unsaturated zone When used in combination with a soil water characteristic curve, tensiometers 
can be used to measure unsaturated water content 

V 3 2 1 2 Vadose Zone Indirect Pore-Liquid Monitoring Option: Thermocouple 
Psychrometers 

Psychrometers measure soil-water pressure under very dry conditions where a 
tensiometer unit is ineffective because of air entry problems Basically, the soil-water 
psychrometer measures the relative humidity of the subsurface atmosphere in the unsaturated 
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zone and infers the soil sucoon based on the relationshlp between negatwe soil-water potential 
and the relative humidity of soil water (Everett et al , 1984) @ 

Psychrometers consist of a porous bulb chamber to sample relative humidity of a soil, 
a sensitive thermocouple, heat sink, reference electrode, and associated electronic circuitry 
Such units use the pnnciple of Peltier cooling to lower the temperature of one junction of the 
thermocouple below the dew point, thereby allowing an evaluation of the relative humidity 

Two types of thermocouple psychrometers (TCP) are available One unit, installed 
in access tubes, consists of positioning psychrometers in porous cups at the base of the tubing 
This unit may be withdrawn for re-calibration at regular intervals The second type of unit, 
called the "sealed cup" psychrometer, has the thermocouple unit permanently sealed into a 
porous enclosure 

Each psychrometer must be calibrated before field installation Calibration stability 
of the units is vanable depending on the type of psychrometer used Sealed cup psychrometers 
are generally more reliable than the access tube type Improved data accuracy can be achieved 
by talung multiple readings using automatic techniques and computer processing instead of 
manually operating the data collection system 

Psychrometers have been employed at depths varying from a few inches to over 300 
feet and in a wide vanety of hydrogeologic settings They have been found to be most useful 
in measunng water potential in dry soils A primary assumption in their operation is that the 
ceramic matenal in which the thermocouple is embedded is in equilibrium with the native soil 
water The degree to which this assumption is met directly affects the accuracy of the 
measurements This assumption is most valid when the pore size distribution of the ceramic 
closely matches that of the surrounding soil When installing the psychrometer in coarse 
material, care must be taken to establish good contact between the cup and the surrounding 
formation In tight, well-indurated matenal or at great depths, this is difficult, and non- 
representative measurements may occur 

0 

Fluctuations in temperature affect the reading of thermocouple psychrometers and can 
cause errors Psychrometer readings are subject to hysteresis in their characteristic curves 
Determining whether the test area is drying or wetting dunng the measurements is important to 
accurately interpret the readings Field studies indicate that psychrometers perform very poorly 
in wet media (water pressures greater than 1 atm) Thermocouple psychrometers are poorly 
suited for use in acidic environments due to the potential for corrosion of thermocouple wires 
Contaminants can cause errors if allowed to enter the sample chamber or thermocouple junction 

Thermocouple psychrometers are designed to measure negative soil water pressure 
from relative humidity versus output voltage relationships In relating water potential to water 
content, charactenstic curves must be developed for each soil type in which the units are to be 
installed This is a time consuming process and may not be economically feasible for small 
projects Most units are fragile and require great care during installation Response times are 
generally slow, however, this problem is not severe in dry media 0 
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V.3.2.1.3 Vadose Zone Indirect Pore-Liquid Monitoring Option: Heat Dissipation Sensors 

Heat dissipafion sensors are based on the concept that heat dissipation in a soil is 
sensitwe to water content (Phene et al , 1971) In soils, iilr is a good thermal insulator with 
respect to water When a soil is wet, the path length for thermal conduction is short and through 
the water When the soil dnes, the water films become thinner and the path length for thermal 
conduction becomes much longer The result is that dry soils require a larger temperature 
gradient to dissipate a gwen amount of heat than wet soils Conversely, the water content can 
be measured by supplying a known quantity of heat with a sensor and measunng the resulting 
rise in temperature at that point 

Measurement is made using a diode bndge which is connected to a sensor (Campbell 
and Gee, 1986) A change in the diode temperature generated as a heater current is applied 
causes electromotive force (emf) which is measured with the bndge Calibration curves are used 
to relate emf data to matnx potential Because of the time required for heat to dissipate between 
readings, measurements typically cannot be made more frequently than hourly 

Heat dissipation sensors are subject to some of the same sources of errors as gypsum 
electncal resistance blocks including hysteresis, use of calibration curves which are not suited 
to the measurement range of interest, and differences in the pore size distnbution between the 
sensor matnx and the measured soil matnx 

Heat dissipation sensors have the advantage, however, of more easily lending 
themselves to automatic data acquisition than tensiometers Measurement precision is estimated 
to be about f 0 1 bar when the optimum calibration curve is used @ 
V 3 2 1 4 Vadose Zone Indirect Pore-Liquid Monitoring Option: Neutron Probe 

The term neutron probe describes two basic types of instruments Neutron-porosity 
loggers are used pnmanly in liquid filled boreholes Neutron moisture probes are used in dry 
access tubes Neutron 
porosity loggers are well established in the oil industry where they are used to infer the porosity 
in saturated sediments They employ strong sources (250 millicune [mCi] to 5,000 Mci) to 
enhance sampling volume and dual detectors to isolate borehole effects These probes utilize 
long tool lengths (4-21 feet) and sophisticated and expensive logging vehicles Neutron moisture 
probes are designed for precise measurement of soil moisture in small diameter (2-inch) access 
tubes, but also have been employed in larger access tubes (Tyler, 1985, 1988, Keller et a1 , 
1990, Kramer et a1 , 1990) These probes employ a low strength source (10-50 Mci) and a 
single, near-source detector Similar to nuclear density gauges used by many geotechnical firms, 
they require minimal operator traning (8-hour radiation safety course) and are subject to less 
regulatory oversight than neutron porosity loggers Neutron moisture probes are the method of 
choice for vadose zone monitoring tasks, especially where frequent sequential data are required 

Both types use a fast neutron source and thermal neutron detectors 

The radius of influence for neutron moderation probes varies with source strength, 
hydrogen density, solids density, and chemistry Practical limits are from 6 to 24 inches from 
the point between the source and the detector (Kramer et a1 , 1990, Silvestri et a1 , 1991) The 0 
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cloud of thermalized neutrons is compact in wet and/or dense soils, and expanded in dry and/or 
loose soils Strong neutron absorbers, including boron and chlonne, will diminish the radius 
of influence 

Sensihvlty of the neutron probe to wetting fronts depends on the magnitude of the 
possible moisture change and the maslung effects of grout and casing The neutron probe is 
most sensihve in ungrouted access tubes with minimal distance between the tube and soils 
(Teasdale and Johnson, 1970) Steel, 
aluminum, stanless steel, and PVC in diameters up to 4-inches have been successfully used 

Small diameter (Zinch) metal casings are best 

The neutron moisture probe cannot distinguish chemical species (e g leachate from 
ground water) and is sensitive only to changes in hydrogen density or neutron absorbing solutes 
and liquids Neutron data cannot be used to distinguish between gasoline and water, which have 
similar hydrogen densities (Kramer et a1 , 1990), nor to detect a steady state flow situation 
which has no changing hydrogen content In high background moisture environments or in the 
presence of high boron or chlonne concentrations, detection of wetting fronts with a neutron 
probe would be difficult to impossible When used under the appropnate conditions, the 
precision and accuracy of the neutron probe as a means of counting hydrogen is considered to 
be less than 1% of full scale, depending on the counting times employed 

V.3.2 1 5  Vadose Zone Indirect Pore-Liquid Monitoring Option. Time Domain 
Reflectometry 

Field measurement of infiltration can be accomplished through the use of recently 
developed dielectnc methods which include Time Domain Reflectometry (TDR) This method 
provides a means for determining volumetnc water content in the subsurface virtually 
instantaneously at a level of accuracy and precision of 2% 

TDR measures the velocity of a microwave pulse propagated down a parallel 
The velocity of propagation is dependent on the dielectric constant of the 

The higher the dielectric 
transmission line 
material in contact with and surrounding the transmission line 
constant, the slower the velocity of propagation 

Soil is composed, in general, of air, mineral and organic particles, and water The 
dielectnc constant for these matenals is 

f u r  1 
Mineral Particles 2-3 
Water 80 

Since the dielectric constant for water is almost two orders of magnitude greater than 
the other constituents of soils and sediments, the velocity of propagation of a microwave pulse 
is highly dependent on the water content Although soils and sediments have a wide range of 
particle size distributions, the relationship between the dielectnc constant and the water content 
remains essentially constant In addition, the bulk density, temperature, and/or salt content does 
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not sigmficantly interfere with the dielectnc-water content relatlonship The precision of the 
water content measurement by TDR has been reported as & 2% by volume (Topp, et al , 1983) 

While soil salt content does not interfere with the dielectnc-water content relationship, 
highly conductwe soils present problems when malung TDR measurements Above a given 
conductivity, the electromagnetic pulse can be completely attenuated, resulting in no 
measurement 

Using sophisticated electronic instrumentation, it is possible to measure the time 
required for a microwave pulse to travel down a known length of parallel transmission line, or 
wave guides, buned in the soil The apparent dielectnc constant is then readily calculated and 
related to the water content of the soil TDR wave guides can be buned in the soil and used to 
monitor water content changes over short infiltration episodes, diurnal fluctuations in water 
content, or long-term seasonal soil water content vanations 

Many of the first applications of TDR to soil hydrologic applications were carried out 
using equipment onginally designed for locating breaks in coaxial transmission cables Simple 
soil probes used in TDR consist of two parallel rods (called wave guides) inserted into the soil 
The wave guides are attached directly to twin lead cables A balance signal can then be 
provided to the wave guides An alternative to the twin lead setup uses coaxial cable connected 
to the wave guides Because coaxial cable carnes an unbalanced signal, an impedance balancing 
transformer (also called a balun) is required In this configuration, a balun is required for each 
wave guide inserted in the soil Application of this configuration is generally limited to uses 
where the wave guide can be temporanly inserted and retneved after a measurement is 
completed due the high cost of the balun 

Recently, unbalanced TDR soil probes have become available which obviate the need 
for the expensive balun The wave guide emulates the coaxial configuration by using three or 
more rods In this configuration, the central rod of the wave guide is connected to the signal 
lead of the coamal cable and the other rods are connected to the shield of the cable Since the 
cost of the wave guides is reduced in this configuration, unbalanced probes have found greater 
use in applications which require the wave guides to be buned at depth for long periods of time 

Manual measurement and interpretation of the time travel of the microwave pulse can 
be made using traditional cable testing equipment The results can be converted to volumetnc 
water content through a senes of straight-forward calculations Software is available tor use 
with cable testers to automatically process the signal return and calculate moisture content TDR 
instrumentation has also been developed commercially for specific application to soil hydrology 
Current TDR probe designs allow burying the wave guides up to 100 feet away from the signal 
processing unit Multiplexing is available which facilitates placement and measurement of 
hundreds of wave guides arranged in various three dimensional arrays 
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V.3.2 1.6 Vadose Zone Indirect Pore-Liquid Monitonng Option: Frequency Domain 
Capacitance Probe 

The dielectnc constant of soil, and thus the volumetnc water content, can also be 
measured in the frequency domam by use of the capacitance method (Thomas, 1966, Dean et 
al A capacitance probe measures the capacitance of an electrode 
system based on the dielectnc constant of the in situ soil surrounding the probe A capacitor 
forms the part of the feedback loop of a high frequency oscillator Currently, techniques for 
direct in situ measurement of non-aqueous pore liquids from the unsaturated zone remains a 
research topic 

1987, Bell et al , 1987) 

Once the dielectnc constant is determined using the capacitance probe, the relationship 
between the capacitance and the volumetnc water content of the soil can be used to directly 
calculate the volumetnc water content Alternatively, the capacitance probe can be used directly 
by calibrating the probe frequency response against soil matenals of known water content As 
with the TDR probe, one calibration curve works well with a wide vanety of soil types 

Capacitance probes are less than 2-inches in diameter and about 8-inches long 
Probes can be buned with leads brought back to a central measurement point Signal processing 
units are available for automatic data retneval, acquisition, and storage Capacitance probes also 
have the advantage that they can be lowered down standard 2-inch well casing for monitoring 
water content with depth Accuracy and precision of capacitance probes is equivalent to that of 
TDR instruments and should conservatively be considered to be about k 2% volumetric water 
content 

V 3 2.1.7 Vadose Zone Indirect Pore-Liquid Monitonng Option. Soil Water Hydrographs 

The water budget in an identifiable closed system in the unsaturated zone can be 
estimated by evaluating and accounting for precipitation, runoff, evapotranspiration, soil water 
storage, and infiltration Precipitation data may be acquired from local meteorological stations 
If local information is not accessible or appropriate for use, an on-site meteorological station 
should be established 

Soil water hydrographs are useful for hydrologc accounting of inputs and outputs 
from facilities where conditions approximate a closed system and all uncontrolled hydrologic 
variables can be measured or otherwise accounted for Talung evaporation and precipitation into 
account, soil water hydrographs can be used to determine the quantity of infiltration and volume 
of liquid leached into the unsaturated zone beneath the final engineered cover 

V 3 2.1 8 Vadose Zone Indirect Pore-Liquid Monitonng Option. Gypsum Blocks 

Gypsum blocks are a specific example of what are more generally known as electrical 
resistance blocks Electncal resistance blocks measure the electrical potential between two wires 
spaced a known distance apart Some 
designs utilize concentric stainless steel coils which are carefully spaced during manufacture 
The wires or coils are embedded in a porous matnx which soil pore liquids can freely enter and 

This distance is typically on the order of centimeters 
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exlt As the soil water potential changes, the water in the porous matnx of the block achieves 
an equilibnum wth  the surrounding soil When soils (and thus the electncal resistance block) 
are dry, the resistance to electncal current flow is high and can be read on a resistance meter 
Conversely, when the soil and block become wet, a low resistance is measured on the meter 

@ 
Nahve salts can affect the electrolytic concentration of pore water and consequently 

the electncal resistance of the pore-liquid solution While the water condition in the soil may 
be dry, an increase in salt concentration of the pore-liquids could reduce the resistance measured 
across the resistance blocks and result in an incorrect reading To avoid this problem, the most 
effective electncal resistance blocks are constructed of gypsum (calcium sulfate), one of the most 
soluble of naturally occurring soil salts 

Because of its high solubility, the gypsum in gypsum blocks is continuously dissolving 
into the soil solution and creating a background condition of electrolytes which buffers the effect 
of native soil salts on the measurement However, the constant dissolution of the gypsum blocks 
limits the life and accuracy of the blocks Expenence in irngahon management and agnculture 
indicates that gypsum blocks typically have a life span of about three years This life span 
would be increased in an and environment 

The accuracy of gypsum blocks is generally considered to be approximately & 15% 
Experience in agricultural applications indicates that they are most effectively used in fine- 
textured soils (silts to silty clays) in relatively and environments Gypsum blocks provide a 
straight forward, inexpensive means of detecting wetting front movement in arid soil 
environments over limited time penods Gypsum blocks are recommended only as part of a 
short-term unsaturated zone monitonng program They can be effectively used in the short term 
to provide an inexpensive means of quality assurance 

0 
V 3 2.2 Technology Type. Vadose Zone Direct Pore-Liquid Monitoring 

The term "pore-liquid" is applicable to any liquid residing in soil (ASTM, 1992) 
The sampling techniques descnbed in the following sections are designed for sampling aqueous 
pore-liquids only (as opposed to non-aqueous liquids such as oil or other contaminants which 
may be present in the vadose zone) The performance of the described sampling techniques with 
other than aqueous liquids may be quite different than that descnbed here 

Most samplers designed for sampling liquid from unsaturated pores may also be used 
to sample liquid from saturated pores This may be useful in areas where the water table 
fluctuates, so that both saturated and unsaturated conditions occur at different times However, 
samplers designed specifically for sampling from saturated pores cannot generally be used in 
unsaturated conditions This is because the liquid held in unsaturated pores is held at less than 
atmospheric pressures and will not drain readily into cavities at atmospheric pressures Wells 
and open cavities cannot be used to collect liquids flowing in the vadose zone under negative 
pore pressures (soil suction) 
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Pore-liquid sampling dewces for unsaturated media are categonzed into three types 
I-  

@ Suction samplers 

Expenmental suction samplers 

Absorption samplers 

Pore-liquid sampling devices applicable to saturated media within the vadose zone are called 
perched ground water samplers Since expenmental suction samplers are usually limited to 
research applicahons by their fragility and untested performance, they are not recommended for 
general use 

V.3.2.2.1 Vadose Zone Direct Pore-Liquid Monitoring Option: Suction Lysimeters 

The term lysimeter has two definitions Originally, the term applied to a soil column 
placed in a field environment in which the inputs and outputs are carefully measured and 
accounted for such that mass balance calculafions are possible More recently the term lysimeter 
has been used to descnbe devices utilized for collecting percolating subsurface water for 
analysis Devices which induce flow along a hydraulic gradient under unsaturated conditions 
are termed suction lysimeters 

The selection of an appropriate porous membrane for sampling in the unsaturated zone 
is perhaps the most cntical aspect of selecting a suction lysimeter The porous membrane must 
be hydrophilic and have a maximum pore size small enough to prevent air entry and vacuum 
failure upon application of a vacuum to collect aqueous pore-liquids Two porous membrane 
materials are recommended for use in sampling For most 
applications, the ceramic membranes are appropriate because of their ability to sustain an applied 
vacuum of up to 1 bar Stainless steel, while having a lower air entry value of 0 25 bar, is 
appropriate for specifically sampling many biological agents The use of ceramic porous 
membranes for sampling biological agents is problematic because certain biological agents have 
dimensions greater than the pore size of the ceramic matenal 

ceramic and stainless steel 

Suction lysimeters may be subdivided into the following four categories 

Shallow sampling suction lysimeters 
Pressure-vacuum lysimeters 
Deep sampling pressure-vacuum samplers 
Filter hp 

Vacuum-operated lysimeters typically consist of a porous cup mounted on the end of 
a small diameter PVC body tube, similar to a tensiometer The upper end of the body tube 
projects above the soil surface A rubber stopper and outlet tubing are inserted into the upper 
end of the body tube Vacuum is applied to the system and soil water moves within films of 
water in the soil sediment through the water-saturated pores of the ceramic cup and collects in 
the body tube To extract a sample, a small diameter tube is inserted within the outlet tubing 
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and extended to the base of the porous cup The small diameter tubing is connected to a sample 
collechon flask A vacuum is applied and the sample is sucked into the coliechon flask These 
units are generally used to sample to depths up to 6 feet below the ground surface 
Consequently, they are used pnmanly to momtor the near surface 

To extract samples from depths greater than the vacuum lift of water (approximately 
25 feet), a pressure-vacuum lysimeter can be used The body tube of the unit is typically about 
2-feet long, holding a maximum of 850-900 milliliters (ml) of sample Two access tubes are 
forced through a 2-hole rubber stopper sealed into the body tube One access tube extends to 
the base of the porous cup and the other terminates a short distance below the rubber stopper 
The longer line connects to a sample bottle and the shorter line connects to a vacuum/pressure 
pump All lines and connections are sealed 

In operation, a vacuum is applied to the system while the longer tube to the sample 
bottle is clamped closed When sufficient time has passed for the porous cup to fill with liquid, 
the vacuum is released and the clamp on the outlet line IS released A r  pressure is then applied 
to the system, forcing the sample into the collection flask A basic problem with this type of 
system is that when sufficient an  pressure is applied to dnve the sample solution to the ground 
surface for recovery, some of the solution in the cup may be forced back through the cup into 
the surrounding soil, or, in the worst case, the porous cup can be ruptured This type of 
pressure-vacuum system is therefore recommended for depths up to about 50 feet below ground 
surface 

Deep sampling pressure-vacuum lysimeters overcome the main problem of the simple 
pressure-vacuum system (Wood, 1973) Solution is forced out of the final engineered cover 
during application of pressure Two chambers in the assembly are isolated with the exception 
of a connecting check valve A sample delivery tube extends from the base of the upper 
chamber to the surface This tube also contains a check valve A second, shorter tube 
terminating at the top of the sampler is used to deliver vacuum or pressure When a vacuum 
is applied to the system, it opens the lower, one-way check valve and causes the upper check 
valve in the delivery tube to close The sample is delivered in the upper chamber, which 
typically has a capacity of 850-900 ml The vacuum is released and pressure is applied to the 
shorter tube to deliver the sample to the surface The lower one-way valve is forced to close 
by the air pressure and the upper one-way valve is opened The sample is then forced to the 
surface High pressures can be applied without danger of damaging the porous cup 
Consequently, the sampler can be used to depths in excess of 300 feet below ground surface 
(Cullen et a1 , 1991) 

a 

Filter tip samplers also utilize a porous membrane as the sampling interface to the 
unsaturated subsurface They consist of a permanently installed filter tip and mechanically 
retrievable sample vial, a porous section, a nozzle, and a septum The filter tip includes a 
pointed end to assist installation The samplers can be installed in pre-drilled access holes or 
driven with cone penetration-style equipment The tip is threaded onto riser pipes which 
terminated at the surface and act as the conduit to deliver and retneve the sampling vial When 
sampling, a pre-evacuated sample vial fitted with a septum port at one end is mechanically 
lowered down the riser pipe to the filter tip which is also fitted with a septum port A 0 
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disposable, double-ended hypodermic needle pierces both septa and pore liquids flow into the 
sample vlal under the gradient created across the porous membrane by the vacuum in the sample 
vlal 

Filter tip samples are advantageous when use of a dnven sampler is desirable While 
expensive, the filter hps are retnevable and the porous membrane can be fitted with matenals 
of different porosity and construction for use in other sampling tasks (e g dnven piezometers) 
The depth of sampling is only limited by the operator's ability to dnve or dnll access holes 

V.3 2.2.2 Vadose Zone Direct Pore-Liquid Monitoring Option. Absorption Samplers 

Absorption samplers are used to collect a sample by absorbing the pore-liquids in the 
matnx of the sampler The liquid is allowed to absorb into the sampler matenal over time and 
is later extracted for analysis Absorbent samplers are simple to use but are physically limited 
to soils close to saturation (Dorrance, et a1 , 1991) The ability of porous matenals to absorb 
liquids is inversely related to the size of the pores in that matenal, assuming that the material 
is hydrophlic Potential problems with absorption samplers include chemical absorption, 
desorption, precipitahon, cation exchange, and screening of vanous pore-liquid components as 
a function of sampler matenal For these reasons, absorbent samplers have largely been 
considered an expenmental approach 

V 3.3 Initial Screening of Technologies 

Vadose zone monitonng technologies were described in Section V 3 2 These 
technologies represent the range of currently available methodologies for monitoring pore-liquids 
in the vadose zone In order to select monitoring systems which are most appropriate for 
monitonng the final engineered cover and the vadose zone beneath the final engineered cover 
at OU4, all of the monitonng options descnbed above are initially screened against the broad 
cntena of effectiveness, implementability, and relative cost as described in Section V 3 1 1 
This initial screening process retains only those monitoring options which may reasonably be 
expected to meet the performance cnteria established for the final engmeered cover and vadose 
zone monitonng systems in Section V 2 2 

Initial screening of the monitonng options is performed separately for the final 
engineered cover monitonng system and the vadose zone monitonng system The results of the 
initial screening are presented in the following sections 

V 3 3 1 Initial Screening of Monitonng Options for the Final Engineered Cover 
Monitoring System 

The initial screening and evaluation of monitonng options for the final engineered 
cover monitonng system is presented in Table V 3-1 Each monitonng option is screened with 
respect to the broad cntena of effectiveness, implementability , and relative cost as described 
below Section 4 of the EPA Guidance for Conducting Remedial Investigations and Feasibility 
Studies Under CERCLA defines the evaluation of effectiveness to include "( 1) the potential 
effectiveness of process options in handling the estimated areas or volumes of media and meeting 
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the remedation goals identified in the remedial action objectwes, (2) the potential impacts to 
human health and the enwronment dunng the construchon and implementation phase, and (3) 
how proven and reliable the process is with respect to the contaminants and conditions at the 
site Under the Same guidance document, implementability is defined as "the technical and 
administrative feasibility of implementing a technology process 'I Implementability is used as 
an initial evaluation of technologies and process options to eliminate those which will prove 
unfeasible at the site The evaluation of cost is also descnbed in the guidance document 
referenced above In ths  evaluahon, technologies are evaluated based upon whether capital and 
O&M costs are high, medium, or low relative to other process options The EPA guidance does 
not focus on quantitative cost estimates, rather it identifies a ranlung among technology types 
based upon engineenng judgement of cost Those monitonng options that are able to meet these 
cntena, as they specifically pertam to the final engineered cover monitonng system, are retained 
for further evaluation 

As shown in Table V 3-1, TDR (time domain reflectometry) and frequency domain 
capacitance probes (FDC) were the only monitoring technologes which were retained as possible 
options for the final engineered cover TDR is a proven and effective monitonng option TDR 
is implementable at OU4 and will not compromise the integnty of the final engineered cover if 
correctly installed The relative capital cost of TDR is high compared to the other screened 
monitonng options However, TDR is compaQble with automated data collection and storage 
systems, significantly reducing the operations and maintenance costs associated with TDR 

FDC is also a proven and effective monitoring option FDC systems closely resemble 
TDR monitonng systems in form, and are therefore implementable and will not compromise the 
integrity of the final engineered cover if correctly installed The relative capital cost of FDC 
is high compared to the other screened monitonng options However, as with TDR, FDC IS 

compatible with automated data collection and storage systems, significantly reducing the costs 
associated with FDC operations and maintenance 

V 3 3.2 Initial Screening of Monitonng Options for the Vadose Zone Monitonng System 

The initial screening and evaluation of monitonng options for the vadose zone 
monitonng system is shown in Table V 3-2 Each monitonng option is screened with respect 
to the broad cntena of effectiveness, implementability, and relative cost as described above 
Those monitonng options that are able to meet these cnteria as they specifically pertain to the 
vadose zone monitonng system are retained for further evaluation 

Vadose zone monitonng options retained for further evaluation include neutron 
probes, FDC, and suction lysimeters (Table V 3-2) Neutron probes are an effective and proven 
monitonng option They can be installed as part of the vadose zone monitoring system in 
honzontal access tubes which would not penetrate the overlying final engineered cover The 
capital cost of neutron probes is high relative to other monitonng options The operations and 
maintenance costs associated with neutron probes are also high if the monitoring system must 
be operated manually To reduce the operations and maintenance costs, an automated data 
collection and storage system will be installed and the neutron probes will be left in place in 

between monitonng events 
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FDC is also a proven and effective monitonng option FDC systems are 
implementable at OU4 and will not compromise the integnty of the final engineered cover if 
appropnately installed The relahve capital cost of FDC is hgh compared to the other screened 
monitonng ophons However, FDC is compatible with automated data collection and storage 
systems, thereby reducing operations and mamtenance costs 

Suction lysimeters are an effective direct pore-liquid monitonng option Suction 
lysimeters are the only retained monitonng option capable of collecting a direct vadose zone 
pore-liquid sample Sucbon lysimeters are technically implementable and will not compromise 
the integnty of the final engmeered cover if correctly installed The relative capital cost of 
suction lysimeters is low with respect to other direct pore liquid monitonng options The 
relative operations and maintenance cost of suction lysimeters is high because sample collection, 
data acqwsihon, and storage from suction lysimeters cannot be automated with currently 
available technology 

V 3.4 Evaluation of Monitoring Options with Respect to Performance Criteria 

Performance cntena for the final engmeered cover monitoring system and the vadose 
zone monitonng system were developed in Section V 2 2 1 and V 2 2 2, respectively The 
following sections present an evaluation of the monitonng options selected in Section V 3 3 for 
the final engineered cover and vadose zone monitoring systems with respect to the performance 
cntena developed in Section V 2 2 for these monitonng systems 

V.3.4.1 Evaluation of the Final Engineered Cover Monitoring System 

TDR and FDC are the two monitonng options considered for the final engineered 
cover monitonng system These monitoring options will be combined to form the final 
engmeered cover monitonng system These monitoring options are evaluated against the final 
engineered cover performance cntena The final engineered cover performance critena are 

1) Be feasible to install, operate and sample with respect to the site hydrogeology and 
the selected engmeered remedial alternative 

2) Provide data that can be used to identify and provide early warning of conditions 
conducive to penetration of water through the final engineered cover 

3) Provide adequate spatial coverage 

4) Provide adequate temporal coverage 

5) Provide data upon which to base a release response action 

6) Provide for remote and automatic monitoring of data 

7) Be integrated into the design and construction of the selected remedial alternative 
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8) Incorporate monitonng techmques that are precise 

9) Incorporate planned redundancy 

10) Be cost effective to install and operate 

11) Incorporate proven technologes that have a record of performance for measuring, 
sampling, and analyzlng soil and vadose zone monitonng parameters 

12) Not jeopardize the functionality or long-term integnty of the cover system 

An evaluation of the retained final engineered cover monitonng options is presented 
in Table V 3-3 All of the final engineered cover performance criteria are individually satisfied 
by TDR or FDC monitonng options Since FDC probes are individually less cost-effective then 
TDRs, the conceptual design of the final engmeered cover monitonng system will therefore 
incorporate TDR The conceptual design of the final engineered cover monitoring system is 
presented in Section V 4 1 

V 3.4.2 Evaluation of the Vadose Zone Monitonng System 

Neutron probes, FDC, and suction lysimeters are the vadose zone monitoring options 
which are considered for the vadose zone monitonng system Other monitonng options were 
eliminated from consideration based on the evaluation criteria of effectiveness, implementability , 
and relative cost (Section V 3 3) The retained monitonng options must satisfy the vadose zone 
monitonng system performance requirements that were developed in Section V 2 2 2 The 
vadose zone performance requirements are 

1) Be feasible to install, operate and sample with respect to the site hydrogeology and 
the selected engineered remedial alternative 

2) Provide data that can be used to identify the production and migration of leachate 
withm the waste pile 

3) Provide data that can be used to identify the movement of water into the waste pile 

4) Provide data that can be used to identify movement of leachate out of the waste pile 

5) Provide adequate spatial coverage 

6)  Provide adequate temporal coverage 

7) Provide data upon which to base a release response action 

8) Provide for remote and automatic monitoring of data 

9) Be integrated into the design and construction of the selected remedial alternative 
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10) Incorporate monitonng techniques that are precise 

0 11) Incorporate planned redundancy 

12) Be cost effective to install and operate 

13) Incorporate proven technologies that have a record of performance for measunng, 
sampling, and analyzlng soil and vadose zone monitoring parameters 

14) Not jeopardize the functionality or long-term integrity of the cover system 

An evaluation of the retained vadose zone monitonng options with respect to the 
vadose zone performance cntena is presented in Table V 3-4 All three of the retained 
monitonng ophons meet the performance cntena with the exception of remote and automatic 
monitonng of data (cntena number 8) The requirement for remote and automatic monitoring 
of data is not satisfied because suction lysimeters cannot be sampled remotely using currently 
available technology However, no direct vadose zone monitoring options are available which 
can be operated remotely A direct pore-liquid monitonng option is necessary for the vadose 
zone monitonng system to provide diagnostic confirmation of the quality of potentially migrating 
soil pore liquids present in the vadose zone If elevated soil moisture conditions are detected 
by the vadose zone monitonng system, pore-liquid samples collected from the suction lysimeters 
can be used to help determine if leachate is being released from the waste layer 

The planned redundancy critenon (performance cntena number 11) is not satisfied 
by the vadose zone monitonng options when they are considered individually However, when 
the monitonng options are evaluated together as pieces of a system composed of all three of the 
vadose zone monitonng options, this performance cntenon is satisfied The selected vadose 
zone monitonng system will therefore consist of three components neutron probes, FDC, and 
suction lysimeters The conceptual design of the vadose zone monitonng system is presented 
in Section V 4 2 
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v.4 
CONCEPTUAL DESIGN OF THE MONlTORING SYSTEM 

The post-closure monitonng system is designed to provide information that will allow 
the idenhfication of the following conditions 

Penetration of water through the final engineered cover, 

Production and/or migration of leachate within the waste pile, and 

Migration of contaminants from the waste pile into the underlying shallow 
aquifer 

This information w11 support the evaluation of the performance of the remedial 
design Data from the post-closure monitonng system will be generated in a timely fashion to 
facilitate early warning of conditions favonng contaminant migration, thereby providing 
protection against any potential threats to human health and the environment 

The monitonng system will consist of three subsystems These are the 

final engmeered cover monitonng system (including a geotechnical stability 
monitonng system), 

vadose zone monitoring system, and 

ground water monitoring system 

The final engineered cover monitonng system is designed to identify and provide 
early warning of infiltrating waters that could potentially move through the overlying cover and 
into the underlying waste pile The vadose zone monitoring system (the vadose zone is defined 
for the purpose of this application as the backfilled contaminated soil materials beneath the cover 
and the native colluvium/alluvium above the histoncal mean annual high water table) is designed 
to idenhfy moisture conditions within the waste pile beneath the barner that are indicative of the 
production of leachate and to identify leachate migration from the waste pile Additionally, the 
vadose zone monitonng system is designed to identify and provide early warning of the 
movement of subsurface waters into the waste pile from lateral sources, or from below as in the 
case of a rising water table The ground water monitonng system will monitor the quality of the 
underlying ground water at the point of compliance boundary in the ground water underlying the 
site, and provide early warning of the potential migration of released COC’s to potential 
downgradient receptors 

Overview of the Performance Assessment and Monitoring System 

The proposed performance assessment and monitoring program is, in large part, based 
on, and taken directly from, the long-term research and comprehensive testing programs 0 
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conducted at Hanford Washmgton, Yucca Mountain Nevada, and the UMTRA project Extensive 
interactions and wsits with technlcal personnel at similar DOE facilities were made pnor to 
formulahng thls momtonng plan The sensors proposed in this plan have been previously tested 
or uhlized at DOE facilities As a result, the technologies employed represent the most cost- 
effective and accurate means of acquinng the data needed to provide assessment and warning 
of the impact of the IM/IRA on ground water at the site without nslung further degradation of 
the ground water as the result of activities at OU4 

TDR Sensors prowde direct volumetnc measurement of soil moisture within the soil 
cover and serve to assess the performance of the cover in preventing the development of 
moisture conditions conducive to the development of saturated conditions, positive pore 
pressures, and potential water migration through the low permeability asphaltic layer The data 
generated by the TDR sensors should demonstrate that the cover as designed efficiently uses 
evapotranspiration to pump accumulated precipitation waters back into the atmosphere In the 
infrequent event that water penetrates the soil cover into the underlying drain layers, the 
momtonng system will demonstrate that the proposed drain layers efficiently conduct drainage 
water to the perimeter of the engineered cover and to the collector trench system The 
monitonng system will also show that water is not perennially accumulated above the low 
permeability asphaltic layer 

It has been determined, as a part of the OU4 RFI/RI, that water movement (and 
therefore dissolved contaminant movement) within the contaminated soils at OU4 is not sufficient 
to impact ground water at the site when the soil moisture content is maintained at the field water 
levels detected dunng the RFI/RI investigation This is the essential pnnciple which underlies 
the selected IM/IRA FDC sensors, although less cost effective than TDR sensors when 
considered only on a per unit basis, are proposed because of the increased cable lengths required 
to reach underneath the engineered cover and into the waste soil pile These sensors will provide 
additional spatial coverage and a measure of the potential mobility of pore liquids within the 
contaminated waste pile by measunng the soil moisture TDR sensors cannot be used beneath 
the engineered cover because of the limitation on cable lengths for each sensor (loo’) FDC 
probes will be used to assess the performance of the low permeability asphaltic layer in 
preventing moisture intrusion into the contaminated soils beneath the engineered barrier and to 
detect movement of water into the waste pile from sources other than surface infiltration 

0 

Neutron probes deployed in honzontal access tubes will be used to increase spatial 
coverage of the monitonng system and to detect migration of unsaturated wetting fronts through 
the waste pile and into the underlying vadose zone Neutron probes will also be used to assess 
the performance of the subsurface drain layer conducting water away from the contaminated 
waste in the unlikely event that nsing ground water intersects the drain Specifically, the neutron 
probe readings will serve to augment water elevation measurements from adjacent ground water 
wells and to indicate the presence and spatial distribution of capillary rise of ground water 
through the subdrain In the event that downward migrating liquids are detected from within the 
waste pile, the neutron probe measurements in combination with the FDC Sensor readings will 
be used to provide a determination of the spatial distnbution of the migrating pore liquids Both 
FDC and neutron probes provide indirect measurement of migrating pore liquids with no 
analytical costs 
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Suchon lysimeters are proposed as a means of collecting pore liquid samples when 
indirect momtonng techmques indicate that the potential for migrating pore liquids exists After 
an initial penod required to established the initial pore liquid concentrations, it is unlikely that 
pore liquid sampling will be needed Sampling of pore liquids in unsaturated regions of the 
vadose zone is only possible when the soil water tension is between approxlrnately 0 and 60 
centibars Advection of soil pore liquids at tensions beyond this range occurs at extremely slow 
rates The co-installed FDC 
sensors paired with each suction lysimeter probably will be used to confirm that the lysimeters 
are functioning properly, and that conditions do not exlst in which pore liquid migration can 
occur 

It is anticipated that pore liquid samples will not be collected 

The momtonng system is designed so that monitonng data will be automatically 
acquired and processed for reporting State of the art data acquisition equipment will be used 
to efficiently process data for reporting Data processing includes generation of data summaries 
(to reduce the amount of data handling), automated data interpretation (eg by companson with 
threshold values) and generation of tabular and graphical output of the data for reporting 
purposes Initially, after construction is concluded and performance assessment monitoring 
begms, data will be collected frequently As time progresses, the frequency of monitoring will 
be diminished as confidence is gained that the design is performing as predicted Eventually, 
monitonng systems will be abandoned As proof of the pnnciple of the engineered barrier is 
attamed with empincal data obtained through the performance assessment monitoring, it will be 
possible to consider and justify decommissioning and abandonment of a significant portion of 
the ground water monitonng wells (and associated analytical costs) at the site Anticipated 
monitonng frequency and abandonment schedules are given in this section 

V 4 1 Final Engineered Cover Monitoring System 

Conceptually, the final engineered cover is a multi-layer, composite barrier designed 
to prevent contaminant migration away from the confines of the waste pile The top layer of the 
coverharner consists of gravelly topsoil materials that will support vegetative growth and 
provide armonng to control erosion This top layer overlies a capillary barner consisting of a 
sand filter and a gravel filter over angular nprap The purpose of these poorly sorted, coarse 
textured matenals is to act as a capillary break agamst unsaturated flow from above and as a 
biotic barrier to plant root and wildlife penetration Beneath the nprap, a sand drainage layer 
will be placed over a composite asphaltic low-permeability barner The cross sectional design 
of the final engineered cover is shown in Drawing 51045-150 

The final engineered cover monitonng system is designed to provide monitoring data 
necessary to assess the performance of the cover in impeding percolation of precipitation water 
into the underlying waste pile In the event that the final engineered cover does not limit 
downward movement of infiltration water to above the capillary break, the monitoring system 
will provide data that can be used to identify and provide early warning of conditions conducive 
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to movement of infiltrating waters through the final engmeered cover system and into the 
underlying waste pile Specifically, the final engmeered cover monitonng system is designed 
to 

e 

e 

e 

e 

Prowde data regarding site weather conditions sufficient to establish a 
correlahon between hydrologic events occurnng at the surface and hydrologic 
condihons measured within the cover 

Prowde sufficient measurements of volumetnc soil moisture content in the cover 
matenals to determine if the water holding capacity of the topsoil materials is 
being exceeded such that percolation of water through the capillary break and 
into the underlying dramage matenals can occur 

Provide sufficient measurements of volumetnc soil moisture content in the sand 
dramage layer above the asphaltic low permeability layer such that saturated or 
near-saturated conditions can be identified Such conditions would exist before 
significant movement of percolating waters through the low permeability 
asphaltic layer could occur A distnbution of sensors in the dramage layer 
down the slope will be used to determine if the dramage layer is functioning 
as designed 

Provide sufficient subsurface temperature measurements of the cover materials 
in order to identify the progression of winter freezlng fronts and spring thawing 
fronts Temperature measurements are necessary to assess the impact of frozen 
soil layers on the distnbution of soil moisture within the cover profile and to 
assess the potential for a slug of water moving through the cover profile at 
spnng thaw 

Provide data regarding stability of the cover system and the north hillside 
Settlement measurements should be made available to evaluate effects of 
settlement on surface dramage patterns The stability of the north hillside 
should be monitored with inclinometers north of the final engineered barrier 

Provide sufficient surface and subsurface data to facilitate evaluation of the 
approximate water balance in the cover Determination of the approximate 
water balance in the cover will provide a backup means of identifying conditions 
conducive to the buildup of positive pore pressures and saturation above the low 
permeability asphaltic layer 

V 4.1 1 Descrrption of the Final Engineered Cover Monitoring System 

The final engineered cover monitoring system will consist of TDR (time domain 
reflectometry) soil moisture sensors within the final engineered cover, slope stability and 
settlement monitonng equipment placed on top of the final engineered cover, and a 
meteorological station installed at OU4 to record climatic factors that affect the water balance 
in the cover/barrier Conceptual installation locations of the monitoring instrumentation are 
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discussed in the following secbons and shown in cross section and plan view, respectively, in 
Drawings 51045-151 and 51045-152 

V.4.1.2 Location and Spatial Dlstnbution of TDR Wave Guides in the Final Engineered 
Cover 

TDR sensors, more commonly known as wave guides, will be located in the cover 
above the low permeability asphaltic layer In order to avoid unnecessanly compromising the 
integnty of the barner, no TDR wave guides will be installed in or through the low permeability 
asphaltic layer Two clusters of TDR wave guide arrays will be installed in the cover/barrier 

Cluster locations were selected to provide monitonng data on representative slope 
conditions that are to be included in the design of the final engineered cover Drawing 51045- 
152 illustrates the conceptual location of the wave guide clusters and associated waveform 
interpretation modules in plan mew The selected locations will specifically provide 

Soil moisture measurements representative of different engineered cover layers 
in the remedial design Conceptual location of the TDR arrays are illustrated 
in the cross sectional Drawing 51045-151 

Soil moisture measurements representative of diffenng slope conditions that may 
affect soil and surface temperatures and thus the propagation of freezlng and 
thawing fronts in the soil Slope conditions can also affect evapotranspiration 
and consequently storage of soil moisture in the cover The selected locations 
illustrated in plan view (Drawing 51045-152) will yield soil moisture 
measurements beneath slopes that are onented north, east, south and west 

Each wave guide cluster will consist of arrays installed radially out from a centrally 
located waveform interpretation module In the cover monitonng system, an array will consist 
of two or more wave guides vertically distnbuted within the cover profile, more or less in line, 
at any radial distance up to 100 feet from the waveform interpretation module Conceptual 
locations of the wave guide clusters, arrays, and associated waveform interpretation modules are 
also shown in cross sechon in Drawing 51045-151 

Wave guides will be vertically distnbuted in the portion of the cover above the 
asphaltic layer in order to monitor the performance of the cover in absorbing precipitation water 
and allowing escape of this precipitation to the atmosphere via evapotranspiration at the 
vegetative cover Additionally, TDR measurements used in combination with soil and surface 
temperature measurements will be used to evaluate the propagation of freezlng and thawing 
fronts and the potential consequential impounding of water in the cover soil until final spring 
thaw allows a slug of water to pass through the soil matenal and onto the underlying low 
permeability layer 
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V.4.1.3 Meteorological Monitonng of the Final Engineered Cover 

A meteorological station (MET) wl l  be incorporated into a part of the final 
engneered cover system to monitor climatological factors affecting infiltration, 
evapotranspirahon, and runoff These factors in turn affect the storage of water in the cover 
soils of the final engineered cover Monitonng of weather conditions will provide a baseline of 
data that will document the range of environmental conditions to which the remedial design is 
exposed over time In addition, a record of site-specific environmental data will provide the basis 
for developing a correlation between meteorologcal events at the surface and the hydrologic 
status of the subsurface of the final engneered cover 

Based on a review of the locations and functions of existing stations, a new 
meteorologcal staoon may be constructed, or existing facilities may be utilized The 
meteorological monitonng station wl l  consist of an array of sensors integrated into an automated 
system that will facilitate data acquisition for the interpretation of weather-related influences on 
the final engineered cover on a daily or weekly basis The meteorological monitoring station will 
be based on designs that have been traditionally used for site-specific agricultural and irrigation 
scheduling applications The station will be specifically designed to measure weather factors that 
affect the cover soil water storage and plant water consumption using calculations based on a 
modified Penman-Monteith equation (Penman, 1948) The weather station data acquisition 
system will be supported by a personal computer and associated software for data retrieval and 
analysis 

Continuous measurements of meteorological conditions will be made by the 
monitonng station at intervals that will allow data interpretation and analysis on a daily, weekly, 
or monthly basis Meteorological vanables that will be measured by the weather station include 

temperature 

relative humidity 

wind speed 

wind direction 

solar radiation 

precipitation (ramfall and snow) 

soil temperature 

Measurement height for all sensors, except for the soil temperature sensors, is 
anticipated to be approximately 3 meters above ground surface All measurement electronics and 
communication penpherals will be protected in an environmentally-rugged housing Data will 
be electronically retrieved, processed, and transferred between the weather station and a base 
station computer via a telecommunication link The telecommunication link will consist of a 0 
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Hayes-compatible modem at a personal computer connected by phone line to a modem at the 
weather stabon The conceptual location of the meteorologcal monitonng station is shown in 
plan mew and cross section, respectively, on Draunngs 51045-152 and 51045 151 

V.4.1.4 

0 
Final Engineered Cover System and Slope Geotechnical Stability Monitoring 
Systems 

The geotechnical stability of the final engmeered cover system must be monitored to 
determine if a local or general failure has occurred Stability monitonng efforts will be focused 
on evaluating the slope stability of the covered area and against on determining and settlement 
or honzontal movement of the cover structure It is important, however, to note that until the 
soil engineenng parameters are properly defined and dimensions of the cap are known (during 
Title I1 design), the follounng proposed stability momtoring instrumentation and techniques may 
change and therefore, cost estimates for the monitonng activities may change 

V.4.1 4.1 Slope Stability 

To monitor the slope stability of the covered area, instruments are proposed to be 
installed at the cntical areas of the engineered cover slopes The cntical areas may be defined 
as the portion of the slope with the least factor of safety or increased potential for falure due 
to external forces Information regarding the slope dimensions and soil/waste engineering 
parameters (such as internal fnction angle and shear strengths) will not be available until the 
Title I1 design is complete Therefore, the cntical portion of the slope cannot be determined at 
this time It is assumed that each of the slopes of the covered area will be monitored 

Monitonng instrumentation requinng limited installation effort has been selected to 
minimize the need for intrusive activities which may result in breaching the integnty of the final 
engineered cover The approach currently proposed for the slope stability monitoring includes 
installation of survey monuments at intervals on top of the engmeered cover and regular surveys 
of the honzontal and vertical position of these monuments When the surveys are performed 
regularly in reference to a stable bench mark located off the cap (on a nearby building or power 
pole), they will indicate movements of the surveyed points on the cap which in turn will 
determine movement or slumping of the slope 

0 

V 4.1 4.2 Engineered Cover Settlement 

The stability of the cover against horizontal short and long-term settlements can be 
monitored by several means Only options that require limited or no intrusion into the 
engineered cover structure have been considered As proposed for the slope stability 
monitoring, stable points for use in frequent surface surveys are proposed to be installed on a 
gnd on the top of the cap structure The points would be surveyed in reference to a stable 
bench mark to determine if any movement has occurred 

In addition to the surface survey, inclinometers are also proposed Inclinometers will 
be used to measure changes in the inclination of the cap as a result of soil consolidation and 
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differential settlement Inclinometers are particularly beneficial in determining the rotation rates 0 that normally accompany settlement 

V.4.2 Vadose Zone Monrtonng System 

Traditionally, the vadose zone is defined as that portion of the geologic profile from 
ground surface to the top of the water table The term vadose zone typically includes not only 
unsaturated soils and sediments, but also perched zones that are isolated zones of saturation or 
only periodically saturated At the OU4 remedial action site, the term vadose zone takes on a 
slightly modified meaning because of the substantial earth moving and reconfiguration of the 
subsurface that is planned as part of the selected remedial alternative The vadose zone includes 
the waste matenals beneath the engmeered cover as well as the unsaturated fill beneath the 
placed wastes, and is therefore referred to as an "englneered" vadose zone 

The vadose zone consists of the unsaturated soil and waste matenals and in-situ soils 
located from the underside of the final engmeered cover down to the mean of the seasonal high 
ground water table as interpreted from the ground water hydrographs from ground water wells 
in OU4 presented in the "Part 11, Phase I RCRA Facility Investigation/Remedial Investigation" 
report The interpreted seven-year mean seasonal high water table is illustrated in the context 
of the proposed remedial design in Drawing 51045-151 

Complete coverage in terms of detecting a release in a vadose zone monitoring system 
is not realistic The design presented provides the minimum required effort in terms of assessing 
the performance of the remedial design As presented, the design will, 1) function to monitor 
areas of vulnerability in which contaminant migration is most likely to take place and provide 
a spatial and temporal distnbution of monitonng points upon which to evaluate the remedial 
design performance in light of subsurface variability and heterogeneity, and 2) monitor 
representative components of the remedial design in order to assess the performance of the 
selected remedial approach The proposed monitonng system will yield data regarding inputs 
and outputs to a quasi-closed hydrologic system (1 e , the contained consolidated matenal) which 
can be used to evaluate the performance of the selected remedial alternative Evaluation of the 
individual monitonng points and locations is inappropnate because it ignores the concepts and 
performance cntena of spatial coverage, replication, and planned redundancy 

@ 

The pnmary regon of concern with respect to contaminant mobility is the volume of 
soil in the waste pile that is located above the subsurface drain as shown in Drawing 51045-151 
In order to impact ground water, potentially mobile COC's would have to travel from within the 
waste pile vertically down to the water table The subsurface drainage layer will act as a barrier 
to a rising water table and facilitate drainage into the collector trench system The subsurface 
drainage layer will not impede a vertically propagating wetting front that is at or near saturation 

Based on the cross-sectional drawing of the proposed facility as illustrated in Drawing 
51045-151, the depth of vadose zone at the OU4 proposed facility ranges from about 20 feet at 
the southeastern corner to more than 40 feet under the peak in the final engineered cover This 
range of depths provides a more than adequate cross-section over which to monitor changes in 
vadose zone moisture conditions e 
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V.4.2.1 Descnption of the Vadose Monitonng System 

The vadose zone monitonng system will consist of three honzontal neutron probe 
access tubes (NPATs) placed at the top of the subsurface dram layer two feet above the bottom 
of the waste pile, FDC probes installed in vertically distnbuted arrays within the waste pile, and 
nine pared installations of FDC probes and pressure/vacuum suction lysimeters placed adjacent 
to the NPATs Conceptual installation locations of the monitoring instrumentation are discussed 
in the following sechons and shown in cross section and plan wew, respectively, in Drawings 
51045-151 and 51045-152 

The vadose zone monitonng system is designed to identify moisture conditions within 
the waste pile that are indicative of the production of leachate, and to identify leachate migration 
from the waste pile Additionally, the vadose zone momtonng system is designed to identify 
and prowde early warning of the movement of subsurface waters into the waste pile from lateral 
sources, or from below as in the case of a nsing water table Specifically, the vadose zone 
monitonng system will 

Provlde sufficient spatially distnbuted neutron moderation logs as a relative 
measure of soil water content in the vadose zone beneath the engineered cover 
The neutron logs will be taken from the waste matenals two feet above the top 
of the subsurface drainage layer When used in conjunction with piezometers 
and ground water monitonng wells, the neutron moderation logs can be 
interpreted to indicate the presence of a capillary fnnge as the result of a nsing 
water table and to provide early warning of the downward propagation of a 
wetting front 

Collect pore liquid samples from the waste pile adjacent to the NPATs 
Collection of pore liquid samples will allow monitoring of pore liquid quality 
over time In either the case of a nsing water table or in the case of downward 
leachate migration from the waste pile, pore liquid sampling will enable data 
regarding the quality of pore liquids to be collected for interpretation as to the 
source of contaminant migration This will prove to be especially significant in 
an area known to contam upgradient sources of ground water contamination 
FDC probes will be installed adjacent to each pore liquid sampler to identify 
and confirm whether soil moisture conditions appropriate for pore liquid 
sampling are present 

V 4 2.2 Location and Spatial Dlstribution of Neutron Probe Access Tubes in the Vadose 
Zone 

Three NPATs will be installed in the waste matenals two feet above the top of the 
subsurface drainage layer as shown in the cross sectional Drawing 51045-151 Because the 
NPATs represent monitoring lines, as opposed to monitoring points, they will be used to 
increase the spatial coverage of vadose zone monitoring beneath OU4 for the purpose of 
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detecting vertically propagating wetting fronts that would be indicative of the potential for 
leachmg of COC’s from the waste pile The NPAT lines wl l  be onented in a north-south 
direction and wl l  be spaced as shown in plan view on Drawing 51045-152 in order to maximize 
spatial coverage and provide data from representative areas beneath the facility 

Vertically propagating wetting fronts moving downward through the waste pile would 
be intercepted by the subsurface dramage layer and conducted laterally away from ground water 
only when near-saturated conditions develop in the overlying waste pile In this case, some of 
the leachate would have the potential for percolating into the subsurface beneath the drainage 
layer and potentially impacting ground water NPATs will indicate the spatial extent of these 
potential wetting fronts 

Data collected using the NPATs will be used to identify the location of vertically 
propagatmg wetting fronts, and to discnrninate between a facility-wide design failure and the 
development of a localized preferential flow pathway that would indicate the need for repair of 
the final engneered cover When used in combination with data from the TDR waveguides and 
FDC arrays, data from the NPATs can be used to identify the location of, and discriminate 
between, downward propagating wetting fronts and upward moving water caused by a nsing 
water table 

Measurements taken with the NPATs will also be used as indicators of the need to 
implement unscheduled pore liquid sampling in the vadose zone using the pressure/vacuum 
lysimeters as discussed in Section V 4 2 3 Detection of a wetting front by the NPATs, whether 
from downward propagating wetting fronts or from a nsing water table, will be used as an 
indicator to implement pore liquid sampling to monitor the chemical quality of the wetting front 
pore liquids 

The neutron probes will be stored permanently at the site, and will be deployed at 
regular intervals using automated winches and data loggers The neutron probes contain a low- 
level radioactive source Specific secunty issues related to permanent storage of the neutron 
probes in the NPATs at the WETS are currently unknown 

V 4.2.3 Location and Spatial Dlstnbution of Pressure/Vacuum Lysimeters in the Vadose 
Zone 

Pore liquid sampling devices, known as pressure/vacuum lysimeters, will be placed 
in the waste matenals two feet above the subsurface drain for the purpose of sampling pore 
liquids in the vadose zone Lysimeters will be installed at nine locations aenally distributed 
within the waste pile The distnbution of the lysimeter locations is shown in plan view in 
Drawing 51045-152 

Propagating wetting fronts moving downward out of the waste pile, laterally from the 
interface between ground surface and the final engineered cover, or upward because of a rising 
water table will cause an increase in saturation and a decrease in the negative pore pressures of 
the soil materials above the subsurface drain When these negative pore pressures are reduced 
to a level where significant flow (and the resulting potential for COC migration) can occur, 
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lysimeters will be utilized to determine the chemical quality of the migrating pore liquids 
Verhcal position of the lysimeters relatwe to the subsurface dram is shown in Drawing 
51045-150 FDC probes will be installed adjacent to each pore liquid sampler to identify and 
confirm whether soil moisture conditions appropnate for pore liquid sampling are present 

The lysimeters will be located two feet above the top of the subsurface drain in order 
to sample potentially migrating liquids that are produced by leachate in the case that infiltration 
occurs through the final engineered cover Samples recovered from the lysimeters will indicate 
the composition of the pore liquids and the presence of migrating COC’s 

In accordance with the design of the final engineered cover, saturation levels in the 
vadose zone beneath the facility will be low and negative pore pressures high Data from Part 
I1 of the IM/IRA-EA DD confirm this and indicate that the observed negative pore pressures 
currently exceed the range in which lysimeters are capable of collecting a pore liquid sample 
Lysimeters are capable of collecting pore liquid samples in the negative pore pressure range of 
0 to approximately 65 centibars It is anticipated that pore liquid samples will not be 
recoverable from the lysimeters on a regular basis However, installation of the lysimeters is 
cntical to the monitonng plan so that they are avalable and in place to collect pore liquid 
samples if and when intrusion of a wetting front is detected by the other indirect techniques such 
as the TDR waveguides, NPATs, or FDC probes 

Data from lysimeter samples will be used to identify migrating COC’s in the vadose 
zone and to determine the chemical quality of downward moving wetting fronts or of wetting 
fronts caused by a nsing water table Used in combination with the other indirect monitoring 
technologies at the facility, lysimeter data will be used to assess the performance of the final 
engineered cover in the unlikely event that leachate is produced within the waste pile and begins 
to vertically migrate Vertical migration of pore fluids alone is not diagnostic confirmation that 
a release to ground water will occur from the facility Lysimeters will be used to confirm the 
chemical quality of any detected migrating pore liquids that may impact ground water 

V 4 2.4 Location and Spatial Dlstnbution of Frequency Domain Capacitance Probes for 
Monitoring the Final Engineered Cover System Performance 

FDC probes will be installed in vertical arrays within the waste pile beneath the final 
engineered cover Their pnncipal purpose is to monitor and identify vertically propagating 
wetting fronts within the waste pile (migrating either upward or downward) Data from the 
FDC probes will be used to measure soil water content distribution within the waste pile and 
assess the performance of the final engineered cover in maintaining waste pile soil water contents 
low enough to prevent significant flow of percolating waters within the waste pile, thereby 
preventing vertical migration of soluble COC’s Areal locations of the FDC arrays are shown 
in the plan view Drawing 51045-152 Vertical distribution of the FDC sensors is shown in the 
cross sectional Drawing 51045-151 

Data from the FDC probes will also be used to assess the performance of the 
subsurface drainage layer By design of the subsurface drainage layer, a rising water table should 
have no impact on the water content of the soil materials in the waste pile In the event of a 
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nsing water table, an increase in the water content of the soil matenals in the waste pile would 
indlcate a potenhal falure in the subsurface dramage layer Data on the water content 
distnbution within the waste pile wll be collected using a vertical and areal distnbution of FDC 
probes and will be used to identify the location of any such problems that might anse 

Data regarding idenhfication of vertically propagating wetting fronts are partially 
redundant to the data provided by the neutron probe access tubes As with neutron probe access 
tube data descnbed in Section V 4 2 2, data collected using the FDC probes will be used to 
identify the location of vertically propagating wetting fronts and discnrninate between a facility- 
wide design fadure and the development of a localized preferential flow pathway that would 
indicate the need for repair of the final engineered cover When used in combination with data 
from the TDR waveguides and the neutron probes, data from the FDC arrays can be used to 
identify the location of, and discnminate between, downward propagating wetting fronts and 
upward moving water caused by a nsing water table 

V 4.3 Ground Water Monrtonng System 

The purpose of the ground water monitonng system for the OU4 is to detect the 
introduction of waste constituents from the waste piles into the uppermost aquifer underlying the 
facility The system will be used to monitor ground water quality and flow in the upper 
hydrostratigraphic unit The upper hydrostratigraphic unit consists of several distinct 
lithostratigraphic units These units are the Quaternary alluvium, colluvium, valley-fill alluvium, 
landslide deposits, weathered bedrock of the Arapahoe/Laramie Formation, and all sandstones 
within the Arapahoe/Laramie Formation that are in hydraulic connection with overlying 
unconsolidated deposits, or that crop out at the surface Specifically, the ground water 
monitonng system is designed to 

Provide sufficient coverage of hydraulically downgradient locations to detect the 
potential migration of waste constituents from IHSS 101 at the point-of- 
compliance boundary 

Provide sufficient coverage of hydraulically upgradient locations to characterize 
upgradient ground water quality, and detect the migration of ground water 
contaminants beneath IHSS 101 from upgradient sources 

Allow the collection of quantitative and defensible ground water flow and 
quality data through the application of monitoring well construction 
specifications that are consistent with existing and accepted SOPS at the RFETS 

The data collected from the ground water monitoring system for the OU4 will be 
suitable for appropnate statistical evaluations designed to facilitate companson of upgradient and 
downgradient ground water quality conditions, and identify trends at individual monitoring 
locations 
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V.4.3.1 Well Locations 

The location of ground water monitonng wells is based on an evaluation of observed 
ground water flow conditions at OU4, as reported in the "1992 Annual RCRA Ground water 
Monitonng Report for Regulated Units at the Rocky Flats Plant" (EG&G, 1993) Four quarters 
of ground water flow data were evaluated to determine adequate coverage of both upgradient and 
downgradient locations In the 1992 RCRA report, discussions of ground water flow in the 
upper hydrostratigraphic unit were separated into flow in the "surficial matenals" (alluvium, 
colluvium, fill, etc ) and flow in the weathered bedrock 

The point of compliance (POC) boundary was determined for the proposed remedy 
based on the conceptual design location of the toe of the final engineered cover RCRA specifies 
that the POC be located at the downgradient boundary of the RCRA unit To maintain the 
integnty of the final engineered cover, wells are not located where they would vertically 
penetrate the cover matenals To prowde an adequate margin of safety during well installation, 
and to allow for regular access to the monitoring wells without impacting the final engineered 
cover, a buffer zone ten feet wide was established around the toe of the final engineered cover 
The POC was then set along a line ten feet outside the toe of the cover Upgradient and 
downgradient porbons of the POC were then assigned based on an evaluation of the "1992 
Annual RCRA Ground water Monitonng Report for Regulated Units at the Rocky Flats Plant" 
(EG&G, 1993) 

Ground water flow conditions in the alluvium/colluvium, for four quarters of 1992, 
are illustrated in Drawing 51045-153 Generalized ground water flow lines onginate at the four 
corners of the final engineered cover system waste pile The flow lines were developed 
manually by extending flow paths from the waste pile corners in directions perpendicular to 
equipotential lines The illustration of ground water flow potential with equipotential lines is 
representative of site-specific hydrologic conditions, however, the use of ground water flow lines 
is based on the assumption that the alluvium/colluvium is homogeneous and isotropic Although 
this assumption is known not be entirely accurate, any vanation from homogeneous and isotropic 
conditions is expected to be localized and on a limited scale Therefore, over the areal extent 
of the SEP, flow conditions as depicted in Drawing 51045-153 are expected to be reasonably 
representative 

The predominant direction of ground water flow in the alluvium/colluvium is to the 
north and northeast There is also a localized southeasterly component of flow at the eastern 
end of the southern boundary of the SEP This divergence of flow results from an apparent east- 
west trending ground water divide, near the southeast corner of the SEP, that may be related to 
the topography of the bedrock surface Because this ground water divide occurs near the 
southern point-of-compliance boundary, it does not affect flow beneath the waste material 
Therefore, the southern point-of-compliance boundary, south of former Ponds 207-A and 207-B, 
is considered to be upgradient 

Ground water flow conditions in the weathered bedrock, for four quarters of 1992, 
are illustrated in Drawing 51045-154 Generalized ground water flow lines were developed in 
the same fashion, and based on the same assumptions, as described above for the 0 
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alluvium/colluvlum Ground water flow in the weathered bedrock is, for the most part, similar 
to flow in the alluvlum/colluvium The predominant direction of ground water flow in the 
weathered bedrock is to the north and northeast However, the southeasterly component of flow 
identified in the alluvlum/colluvlum, at the eastern end of the southern boundary of the SEP, is 
more pronounced in the weathered bedrock The apparent east-west trending ground water 
divide in the weathered bedrock is located in the center of the SEP Similar to the 
alluvium/colluvium, ground water flowing toward the SEP within the weathered bedrock 
ongmates pnmanly in the area to the southwest However, a portion of the southern boundary 
of the SEP unit that was determined to be upgradient for the alluvium/colluvium may be 
downgradient in the weathered bedrock 

For the purpose of monitonng ground water in the upper hydrostratigraphic unit at 
the SEP, new wells will be screened across the uppermost saturated intervals, regardless of 
whch lithostratigraphc unit (1 e , alluvium, weathered bedrock, or hydraulically connected 
sandstone) the water table is encountered in The results of the Phase I1 RI will be used to 
confirm this well design As presented above, flow conditions are quite similar in both the 
alluvium/colluvium and the weathered bedrock The only appreciable difference is along the 
southern point-of-compliance boundary, where flow may vary slightly between the two 
lithologies 

Proposed locations for monitoring wells screened in the upper hydrostratigraphic unit 
are illustrated in Drawing 5 1045-155 Where appropnate, existing wells will be incorporated 
into the monitonng system New and existing wells that are located on the point-of-compliance 
boundary will be used for compliance monitoring In addition, existing wells located away from 
the point-of-compliance boundary will be used for compliance and performance monitoring 

Alluvial/colluvial wells 2686,3887, and P207689 are located along the southern point 
of compliance boundary for the SEP and will be included in the ground water monitoring system 
for compliance monitoring if they are still present after construction Weathered bedrock wells 
2586, P207589, P207789, P208989, 3186, 3286, and P209489 are located along the southern 
and northern portions of the compliance boundary for the SEP, and will also be included in the 
ground water monitonng system for compliance monitonng if still present and undamaged 
Drawing 51045-155 shows all well locations around the toe of the engineered cover as proposed 
new wells based on the assumption that the existing wells will be destroyed during construction 

Ground water flowing toward the point of compliance boundary originates primarily 
in the plant area west of the SEP, where several potential ground water contaminant sources are 
present Historic data from existing alluvial/colluvial wells 2286, 5687, 2486, and P207489, 
and weathered bedrock wells P209189, P210189, 2386, and P207389 indicate significant 
vanations in ground water quality between these upgradient locations In the case of wells 2286 
and 5687, water-quality conditions provided in the 1993 RCRA Ground water Report (EG&G, 
1993) show significant disparity over a relatively short lateral distance (Drawing 51045-155) 
These data point to the potential for various discreet and discontinuous upgradient plumes 
Therefore, it is important that a sufficient number of data collection points be established to 
allow a reasonably complete characterization of upgradient ground water quality, and a 
statistically significant distinction between upgradient and downgradient ground water quality 
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conditions Alluwal/colluvial wells 2286, 5687, 2486, and P207489, and weathered bedrock 
wells P209189, P210189, 2386, and P207389 will be incorporated into the ground water 
monitonng system for compliance and performance monitonng 

Three additional weathered bedrock wells (3987, P208889, and P209589) are located 
approximately 100 feet to the northeast of the northeast corner of the compliance boundary, and 
one alluvial/colluvial well (P207889) and one weathered bedrock well (P207989) are located 
approxlmately 100 feet east of the eastern point-of-compliance boundary These five wells will 
be included in the post-closure monitoring system for compliance and performance monitoring 

Where existing wells are not present along the point-of-compliance boundary, new 
wells will be installed at approxlmate 200-foot intervals The distnbution of downgradient and 
upgradient wells depicted in Drawing 51045-155 is sufficient to allow the detection of waste 
constituents that would potentially migrate from the SEP should conditions anse that would cause 
leaching of the waste piles, and to allow a statistically significant distinction between upgradient 
and downgradient ground water quality conditions In all, seven existing weathered bedrock 
wells, three existing alluvial/colluvial wells, and seven new wells to be completed in the upper 
hydrostratigraphic unit are proposed to be used for post-closure compliance monitonng in OU4 
An additional eight existing wells screened in the weathered bedrock, and five existing wells 
screened in the alluvium/colluvium, will be included in the post-closure monitoring system for 
the purposes of compliance and performance monitonng Based on available data (Drawings 
51045-153 and 51045-154), it was assumed that the west point of compliance boundary for the 
upper hydrostratigraphic unit represents the upgradient point of compliance boundary (Drawing 
51045-155) It was also assumed that the south, east, and north boundaries are downgradient 
point of compliance boundanes (Drawing 5 1045- 155) These assumed upgradient and 
downgradient boundanes must be confirmed through water level measurements once the network 
is established Moreover, it seems likely that quarterly water level measurements conducted 
concurrently with water quality sampling would be prudent to ensure a clear understanding of 
the upper hydrostratigraphic unit flow regime in OU4 over time 

a 

e 

V 4.3 2 Well Construction 

Monitonng well construcbon specifications are consistent with existing and accepted 
SOPs at the RFETS Both bedrock and alluvial wells will be installed to monitor upgradient and 
downgradient ground water flow and quality conditions at the SEP Wells will be installed in 
accordance with RFETS EMD Operating Procedure No GT 06, "Monitoring Wells and 
Piezometer Installation", No GT 03, "Isolating Bedrock from Alluvium with Grouted Surface 
Casing, 'I and RCRA Ground Water Monitonng Technical Enforcement Guidance Document 
(TEGD) Applicable RCRA monitoring well construction specifications will be reviewed and, 
to the extent practicable, wells will be constructed in compliance with both RFETS SOPs and 
RCRA specifications Specific differences between RFETS SOPs and RCR4 will be resolved 
in concert with the appropriate regulatory agencies 
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v.5 
SAMPLING AND ANALYSIS PLAN 

V.5.1 Final Engineered Cover Monitorrng System 

This final engineered cover monitonng system sampling and analysis plan descnption 
presents data quality and quality assurance/quality control objectives for the final engineered 
cover monitonng program at the SEP In most cases, detaled descnptions of field and 
laboratory procedures are not included here, however, a detailed final engineered cover 
monitonng sampling and analysis plan will be developed and kept at the facility for post-closure 
monito nng 

V.5.1.1 Data Quality Objectives 

The overall DQO (data quality objective) for the final engineered cover monitoring 
program is to ensure that data of known and acceptable quality are produced Specifically, data 
produced through the post-closure final engineered cover monitonng program must be suitable 
for appropnate evaluations designed to facilitate the positive and timely identification of 
conditions conducive to, or indicative of, infiltration of surface waters and/or precipitation into 
the final engmeered cover Proper execution of each sampling and analysis task will yield 
consistent results that are representative of actual conditions within the final engineered cover, 
and areauseful for meeting the intended project objectives 

V.5 1 2 @ Quality Assurance/Quality Control (QA/QC) Objectives 

QNQC objectives are established to ensure that all data collected during post-closure 
monitoring are of acceptable quality to support response action decisions and the DQOs The 
implementation of appropnate QNQC procedures allows development of meaningful technical 
conclusions Components of the QNQC program include evaluations of the following 
charactenstics of measured data 

Precision 

Accuracy 

Representativeness 

Completeness 

Comparability 

Data from the final engineered cover monitonng system can vary in quality due to 
measuring protocol, data logging protocols, data processing techniques, instrumentation, and 
available documentation QA programs include all of the activities necessary to provide 
measurement data at a requisite precision and accuracy (ASTM, 1993, Vol 11 03, Practice @ 
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1357-82) No laboratory analysis is expected from the final engmeered cover monitonng system 
based on the proposed design Therefore, the QNQC program for the final engmeered barner 
momtonng system will not include laboratory QNQC or QNQC procedures for analytical 
chemistry 

The precision of a measurement process is a genenc concept related to the closeness 
of agreement between test results obtamed under prescnbed like conditions from the 
measurement process being evaluated Accuracy is a genenc concept of exactness related to the 
closeness of agreement between the average of one or more test results and an accepted 
reference value (ASTM, 1993, Vol 14 02, Practice E 177-86) Overall precision and accuracy 
targets for soil moisture content and neutron probe measurements can be set at 2 percent 
allowable deviation with 90 percent confidence limits 

Representativeness is a measure of the degree to which analytical results reflect true 
field conditions Field errors in data logging and sampling intensity are two factors affecting 
representativeness The comparability of the data collected refers to the ability to interpret the 
results in light of previous data collection efforts and data collection efforts published as the 
result of other similar investigations Completeness refers to the number of samples collected 
and analyzed compared to the planned number of samples 

In all of these quality assurance activities it should be noted that factors including 
geophysical conditions and definition of sampling volume in the vadose zone often have higher 
vanability than the instrumentation and equipment calibration procedures Table V 5- 1 provides 
preliminary quantitative limits for QNQC objectives 

V 5 1.3 Measurement Procedures 
0 

The quality of the data collected from the final engineered cover depends on the 
quality of the measurement procedures and sampling activities Therefore, field operations will 
be carefully planned and implemented Procedures and protocols for monitonng the final 
engineered cover will be in accordance with applicable existing SOPS for vadose zone 
monitonng and sampling at the WETS As descnbed in Section V 4 1 ,  the conceptual design 
of the final engmeered cover monitonng system includes indirect pore-liquid monitonng 
techniques using time domain reflectometry and frequency doman capacitance Specific 
procedures for installing and monitoring this equipment are provided in emsting Vadose Zone 
SOP VZ 4, "Procedures for Dielectnc Water Content Measurement, I' included in Technical 
Memorandum No 1 for OU4 

V 5 1.4 Frequency of Measurement 

The sampling and analysis plan is designed such that the intervals between 
measurement and sampling event are shortest at the beginning of the remedial action and become 
greater as time elapses and the performance of the remedial design is assessed and verified 
Data collected dunng the initial 3-year period will be used to develop an understanding of the 
effect of seasonal weather changes on the monitonng data, identify gaps in the data, further e 
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charactenze the completed remedial design, identify any additionally required monitonng 
locations, and evaluate sources of uncertainty such as sampling, analysis, and site conditions 0 

The recommended long-term frequency for measurement and sampling depends in part 
on the effectiveness of the remedial action as determined through the ongoing monitonng 
program If the monitonng data demonstrates that a steady, predictable stabilization of the pore 
liquids in the waste pile has occurred, then reducing the sampling frequency will be a reasonable 
course of action Frequency of monitonng is also dependent upon the labor intensity of the 
measurement process as it effects the cost of acquiring data For example, there is little cost 
differential between weekly and daily monitoring of weather parameters when data from the 
sensors are electronically logged, acquired and presented in report format 

Frequency is also dependent upon the status of other Sensors in the overall system 
Measurement redundancy is built into the system in anticipation of the contingency that sensors 
may become disabled in the future For example, if the FDC sensors (which are part of the 
final engineered cover monitonng system) become disabled at some point in the future, the 
NPAT can also perform the function of detecting downward migration of leachate The 
frequency of NPAT data acquisition would be increased in the event that FDC probes become 
disabled Likewise, once it can be shown that the final engineered cover and vadose zone 
monitonng system data are reliably and consistently being used to demonstrate no leachate 
migration from the waste pile, the frequency of monitonng at all or some of the proposed 
ground water monitonng wells could be reduced or even eliminated 

The monitonng data will provide the basis for determining that the remedial action 
objectives have been met and that the source control action, which is the goal of the remedial 
action, prevents further degradation of ground water 

0 
Monitonng data from MET and TDR sensors in the final engineered cover system 

will be electronically acquired on a daily basis throughout the period of monitoring During the 
initial 3 years of data acquisition, the data will be used to assess the performance of the cover 
system and to develop a baseline of meteorological data that will be used to define the site- 
specific environmental conditions affecting the remedial action The meteorological data may 
also be used to develop the statistical basis for de-seasonalinng the soil moisture data if 
required 

At the end of the initial 3-year monitoring period, MET and TDR data will be used 
in conjunction with the water elevations from the ground water monitoring wells to determine 
the appropriate time of the year to collect pore liquid samples (PLS) from the pressure vacuum 
lysimeters A statistical correlation between the MET data, ground water elevation data, and 
TDR data will be developed for the purpose of defining the time of year when development of 
leachate within the pile is most likely, when a rising water table is most likely, and when the 
concentration of COC’s is likely to be highest because of the concentrating effect of soil 
desaturation 

Statistical correlation will be developed during the initial monitoring phase (0 to 3 
years) and in the secondary phase (3 to 10 years) between the MET data and TDR data for the 0 
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purpose of developing a tool to predict the performance of the final engineered cover system 
design based on weather data For example, precipitation events will be identified that are most 
likely to saturate the cover soils and penetrate the capillary barner pornon of the final 
engmeered cover Ldcewise, additional climatic data will be examined in order to assess the 
effect of weather patterns and intensity on the performance of the final engineered cover For 
example, soil temperature sensing data will be collected and evaluated to determine the effect 
of freemg and thawing fronts on saturation of the final engineered cover system 

Assuming that the remedial design performs as intended, MET and TDR sensors in 
the final engineered cover system will be the primary means of monitonng performance of the 
remedial action 10 years after installation of these systems FDC monitoring of the final 
engineered cover and vadose zone monitonng will be reduced in frequency as described in 
Sechons V 5 1 3 and V 5 2 3, respectively 

Thirty years after installation of the facility, all of the sensors will remain in place 
However, it is anticipated that only the MET and TDR sensors will be used for data collection 
thereafter, as part of a normal operating weather station Based on the statistical correlations 
established dunng the 30-year monitonng penod, weather events or climatic trends will be 
identified that could tngger additional monitonng of the unsaturated zone beneath the final 
engmeered cover 

Table V 5-2 summanzes the frequency of measurement of the monitonng 
instrumentation planned as a part of the design of the monitonng system 

0 V.5.2 Vadose Zone Monitoring System 

This vadose zone monitonng system sampling and analysis plan descnption presents 
data quality and quality assurance/quality control objectives for the vadose zone monitoring 
program at the SEP In most cases, detailed descriptions of field and laboratory procedures are 
not included here, however, a detailed vadose zone monitonng sampling and analysis plan will 
be developed and kept at the facility for post-closure monitonng 

V 5 2.1 Data Quality Objectives 

The overall DQO for the vadose zone monitoring program is to ensure that data of 
known and acceptable quality are produced Specifically, data produced through the post-closure 
vadose zone monitonng program must be suitable for appropriate evaluations designed to 
facilitate the positive and timely identification of conditions conducive to, or indicative of, the 
production of leachate, the movement of fluids through the waste pile, and/or the infiltration of 
fluids into the waste pile from the final engineered cover or from nsing water-table conditions 
Proper execution of each sampling and analysis task will yield consistent results that are 

representative of actual conditions within the vadose zone, and are useful for meeting the 
intended project objectives 
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V.5.2.2 Quality Assurance/Quahty (QNQC) Control Objectives 

QNQC objectwes for monitonng the vadose zone are similar to those for the final 
engmeered cover monitonng system However, the vadose zone monitonng system must also 
address data that will result from collection of pore liquid samples using the pressure/vacuum 
lysimeters and data generated using the neutron probe In addition to the factors affecting data 
quality from the measunng techniques as descnbed in Section V 5 2 3 ,  pore liquid sampling data 
can vary in quality due to measurement protocol, sampling methodology, sample preparation, 
analytical procedures, laboratory quality control, and available documentation Specific Data 
Quality Assurance procedures used to evaluate analytical data from pore liquid samples will 
follow those negotiated in the RCRA Ground Water Monitonng Plan at the time of the pore 
water sampling It is anticipated that all laboratory analyses will be performed consistent with 
Level I11 quality assurance procedures, and that a full QNQC package will be required as a 
deliverable from the laboratory for all samples analyzed The laboratory deliverables will 
include all QC sample results, such as matnx spikes and surrogate recoveries, for review by the 
data collection and analysis contractor 

The vadose zone monitonng system sampling and analysis plan includes activities 
necessary to provide measurement data at a requisite precision and accuracy (ASTM, 1993, 
Vol 11 03, Practxe 1357-82) The QNQC program descnbed herein will be implemented by 
the data collection/analysis contractor In addition to the steps described below, the laboratory 
performing the analyses will be responsible for performing QNQC in support of Level I11 data 
The analytical laboratory deliverables will include the QNQC results from the laboratory The 
overall quality assurance objective for measurement data is to ensure that data of known and 
acceptable quality are provided In order to meet these objectives, QNQC objectives are defined 
for data measurements in support of the vadose zone momtoring data interpretation These data 
charactenstics include precision, accuracy, representativeness, completeness, and comparability 

0 
c 

The precision of a measurement process is a genenc concept related to the closeness 
of agreement between test results obtained under prescnbed like conditions from the 
measurement process being evaluated Accuracy is a generic concept of exactness related to the 
closeness of agreement between the average of one or more test results and an accepted 
reference value (ASTM, 1993, Vol 14 02, Practice E 177-86) Overall precision and accuracy 
targets for chemical constituent measurements can be set at 10 percent allowable deviation with 
90 percent confidence limits General precision and accuracy targets for soil moisture content 
and neutron probe measurements can be set at 2 percent allowable deviation with 90 percent 
confidence limits 

Representativeness is a measure of the degree to which analytical results reflect true 
field conditions Field contamination of pore liquid samples, field measurement data logging 
errors, and sampling intensity are two factors affecting representativeness Completeness refers 
to the number of samples collected and analyzed compared to the planned number of samples 
The comparability of the data collected refers to the ability to interpret the results in light of 
previous data collection efforts 
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In all of these quality assurance activlties it should be recognized that factors 
including geophysical condihons and defimtion of sampling volume in the vadose zone often 
have higher vanability than analytical equipment calibration procedures Table V 5-1 provides 
preliminary quantitative limits for QNQC objectives 

e 
V. 5.2.3 Measurement Procedures 

The quality of the data collected from the vadose zone depends on the quality of the 
measurement procedures and sampling activities Therefore, field operations will be carefully 
planned and implemented Procedures and protocols for monitonng and sampling of the vadose 
zone beneath the final engineered cover and the waste layer will be in accordance with applicable 
existing SOPs for vadose zone monitonng and sampling at the WETS (included in Technical 
Memorandum No 1 for OU4) As descnbed in Section V 4 2, the conceptual design of the 
vadose zone monitonng system includes both direct and indirect pore-liquid monitoring 
techniques using suction lysimeters, neutron probes, time domain reflectometry and frequency 
domain capacitance Specific procedures for installing and monitonng this equipment are listed 
in existing SOPs as follows 

Vadose Zone SOP VZ 4, "Procedures for Dielectric Water Content 
Measurement" 

Vadose Zone SOP VZ 7 ,  "Procedure for Neutron Moisture Logging" 

Vadose Zone SOP VZ 10, "Procedure for Lysimeter Installation and Sampling" 

SOP VZ 7 is specifically applicable to neutron moisture logging in vertical neutron 
probe access tubes The conceptual design of the vadose zone monitonng system includes 
honzontal access tubes As required, SOP VZ 7 will be modified to include procedures specific 
to neutron moisture logging from honzontal access tubes 

V 5 2.4 Frequency of Measurement 

General comments that relate to the development of the monitoring schedule are 
similar to those presented in Section V 5 1 4 and summanzed in Table V 5-2 The sampling 
and analysis plan is designed such that the intervals between measurement and sampling events 
are shortest at the beginning of the remedial action and become greater after a period of time 
within which the performance of the remedial design is assessed and verified 

The proposed long-term plan for the frequency of measurement and sampling 
depends, in part, on the effectiveness of the remedial action as determined through the ongoing 
monitoring program If the monitonng data demonstrate that a steady, predictable stabilization 
of the pore liquids is mamtnned in the waste pile, then reducing the sampling frequency will be 
a reasonable course of action Frequency of monitonng is also dependent upon the labor 
intensity of the measurement process as it affects the cost of acquiring data Scheduling and 
costing of the NPAT monitonng data acquisition is based on the assumption that substantial field 
labor will be required to acquire the data An evaluation of the costbenefit of designing and 
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constructing an automatlc data acquisition system for collecting and analyzlng NPAT data will 
be conducted before the monitonng system design is finalized Results of that evaluation will 
be presented with the final monitonng system design 

Monitonng of the vadose zone with the NPAT will be conducted on a monthly 
schedule for the initial 3 years after installation of the facility Data collected dunng the initial 
3-year penod will be used to develop an understanding of the effect of seasonal weather changes 
on the monitonng data, assess gaps in the data, further charactenze the completed remedial 
design, identify any additionally required monitonng locations, and evaluate sources of 
uncertainty such as sampling, analysis, and site conditions 

In the second phase of monitonng the remedial facility, NPAT data will be collected 
quarterly If a significant nse in neutron counts is detected at any measuring event, the 
measurement will be immediately repeated to venfy the data Once the count nse is verified, 
NPAT data collection frequency will be increased to monthly until an appropnate response is 
initiated or until, in the judgement of the interpreting hydrologst with the concurrence of the 
Colorado Department of Health, the event has stabilized and is shown to not represent migrating 
COC's NPAT monitonng will also be conducted at monthly intervals whenever a significant 
nse is detected in the FDC probes of the final engineered cover monitonng system The same 
cntena as above will apply in determining when and if a return to quarterly monitoring intervals 
is appropnate 

Ten years after installation of the facility, the NPAT monitonng interval will be 
reduced to semiannual Unscheduled monitonng dunng this interval would be triggered by a 
nsing water table that is anticipated to enter the waste pile or by a significant increase in 
normally scheduled NPAT or FDC measurements NPAT data collection frequency will be 
increased to monthly until an appropnate response is initiated or until, in the judgement of the 
interpreting hydrologist with the concurrence of the Colorado Department of Health, the event 
has stabilized and is shown to not represent migrating COC's 

Assuming the remedial design performs as intended, no monitoring of the NPAT is 
anticipated beyond 30 years unless triggered by data that would indicate a nse in the water table 
into the subsurface dram, or sequential detections by the MET/TDR, FDC, and NPAT that 
would indicate an increase in soil water content 

V 5 2 5 Pore Liquid Sampling Procedures 

Field operations will be carefully planned and implemented to ensure high quality of 
the sampling data collected Procedures and protocols for pore liquid sampling will be in 
accordance with applicable existing SOPS for pore liquid sampling at the WETS Specifically, 
SOP VZ 10, "Procedure for Lysimeter Installation and Sampling" (in Technical Memorandum 
No 1 for OU4), will be closely adhered to when sampling pore liquids 

Initially, pore liquid samples will be collected from the pressurehacuum lysimeters 
on pre-determined quarterly intervals based on conformance to the protocols for ground water 
sampling After the initial 3-year period, PLS data will be collected four times a year @ 
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However, the exact times of the year will be determined by examining the prewous 3 years of 
MET, TDR, NPAT, and ground water monitonng well elevation data Based on ground water 
hydrographs, soil water hydrographs, and their correlafion with cyclic weather patterns, 
sampling dates will be selected that will optimize charactenzation of pore liquids with respect 
to seasonal cycling of hydrologc parameters 

No pore liquid sampling is planned after 10 years of monitonng unless data from the 
NPAT, TDR, FDC or ground water elevations indicate the presence of a downward propagating 
wetting front or a nsing water table 

It should be noted that it is likely that the lysimeters will not be capable of collecting 
samples when the design of the remedial action is performing as intended This is because the 
range of negative pore pressures within which lysimeters are capable of collecting samples is 
apprommately 0 to 60 centibars Preliminary data interpreted from Part I1 of the IM/IRA 
indicate that these sampling pressures have only been observed in the capillary fnnge above a 
nsing water table The design of the remedial action is intended to block movement of soil 
water into the waste pile vadose zone and into the underlying native vadose zone By design, it 
is intended that the soil water content will be maintained at low levels which would relate to 
negative pore pressures well above 60 centibars If the initial 3 years of attempting to collect 
pore liquid samples indicate that the pore pressures are not sufficient to allow collection of pore 
liquid samples, all attempts at pore liquid sampling will be discontinued until data from the 
NPAT or FDC indicate the presence of a wetting front or of a nsing water table 

V.5.2.6 Sample Preservation and Shipment 

Procedures and protocols for sample preservation and shipment of pore liquid samples 
will be in accordance with applicable existing SOPS for ground water sample preservation and 
shipment at the WETS as per Procedure No GW 06, "Ground Water Sampling," and FO 13, 
"Containerization, Presemng, Handling, and Shipping of Soil and Water Samples 'I 

V.5 2.7 Analytical Parameters and Procedures for Lysimeter Pore Liquids 

The SEP are currently undergoing ground water monitonng as specified in 6 CCR 
1007-3 Section 265 93 (d) (40 CFR 265 93(d)), because it has been determined that ground 
water quality has been affected by the ponds, which are regulated as intenm-status units Once 
interim-status is terminated and final administrative disposition of the post-closure permit is 
made, monitonng will be pursuant to 40 CFR Part 264 In accordance with the IAG, analytical 
parameters for post-closure monitoring will be denved from the RCRA Appendix IX Ground 
Water Monitonng List (40 CFR Part 264, Appendix IX) but will focus on contaminants of 
concern identified for the OU4 IM/IRA Only four IM/IRA contaminants of concern are not 
listed in Appendix IX, these are Americium 241, Plutonium 239/240, Uranium 235, and 
Tntium 

The complete list of potential analytical parameters for post-closure ground water 
monitoring at the SEP is provided in Table V 5-3 The same analyses that have been suggested 
for ground water monitoring will make up the candidate analyte list for pore liquid sampling 
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It must be noted that the list of analytes for the pore liquid sampling can not be finalized at this 
hme The analytes will be denved from the RCRA Appendix IX list, but will focus on the OU4 
contaminants of concern These may include contaminants not yet identified in OU4 media, or 
contaminants in other matenals disposed in the SEPs pnor to final closure The specific list of 
analytes, methods, and their frequency of analysis will be negotiated as part of the post-closure 
permit application process The listings provlded in Table V 5-3 are for reference only, and 
may be modified in the post-closure permit 

Also listed in Table V 5-3 are suggested analytical methods and practical quantitation 
limits (PQLs) for Appendix IX analyses Specific analytical methods m11 be identified in the 
post-closure permit application, and will be consistent with the most recent RCRA Ground Water 
Monitoring Plan for the WETS at the time of the permit application Analytical methods and 
PQLs for Amencium 241, Plutonium 239/240, Uranium 235, and Tntium are consistent with 
established analytical SOPs for the WETS In some cases, individual Appendix IX compounds 
are listed with more than one suggested analyhcal method and corresponding PQL In these 
cases, the analytical method and PQL that are consistent with current WETS SOPs will be 
selected Efforts will be made to reduce the number of analytical methods by selecting those 
methods that encompass the greatest number of individual analyses Field parameters will 
include pH, specific conductance, and ground water temperature The analyte list will be 
reduced after a sufficient number of sampling events to reduce the costs associated with the 
monitoring effort 

V 5 2 8 Chain-of-Custody Control 

Sample custody is widely recognized as vitally important in achieving the goals of 
quality data collection and reporting Samples must be traceable from the time of sample 
collection until the analyses are performed and reported Procedures and protocols for chain-of- 
custody control of pore liquid samples will be in accordance with applicable existing SOPs for 
ground water sampling at the WETS Specific SOPs that will be implemented as a part the pore 
liquid sample chain-of-custody control are FO 13, "Containenzation, Preserving, Handling, and 
Shipping of Soil and Water Samples," and FO 14, "Field Data Management 'I 

V 5.3 Ground Water Monitoring System 

This ground water monitoring system sampling and analysis plan description presents 
the data quality and quality assurance/quality control objectives for the ground water monitoring 
program at the Solar Evaporation Ponds, and for the field and laboratory procedures that will 
be followed to ensure that these objectives are met In most cases, detailed descriptions of field 
and laboratory procedures are not included here Instead, the reader is referred to established 
SOPs for the WETS A detailed ground water sampling analysis plan will be developed and 
maintained at the facility for post-closure monitoring 

V 5.3 1 Data Quality Objectives 

The overall data quality objective (DQO) for the ground water monitoring program 
at the Solar Evaporation Ponds is to ensure that data of known and acceptable quality are 8 
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produced SpeciEically , data produced through the post-closure ground water monitonng 
program must be suitable for appropriate statistical evaluations designed to facilitate companson 
of upgradient and downgradient ground water quality conditions, and to identify trends at 
individual momtonng locations In addition, data must be of sufficient quantity to support 
statistical evaluahons The companson of upgradient and downgradient ground water quality 
must take into consideration sources of contamination located upgradient from the ponds Proper 
execution of each sampling and analysis task will yield consistent results that are representative 
of actual ground water quality conditions, and are useful for meeting the intended project 
objectives Data wl l  be reported in units consistent with those of other agencies and 
organizations to allow comparability of databases 

In addihon, analytical results must support an evaluation of potential threats to human 
health and the environment for those compounds that are being monitored That is, ground 
water contaminants must be detectable at concentrations that are at or below applicable or 
relevant and appropnate requirements (ARARs) for the OU4 ARARs may include, but may 
not be limited to, federal and/or state dnnlung water standards, Colorado ground water 
standards, and published and unpublished nsk-based standards For the conceptual design, it 
is assumed that currently published practical quantitation limits (PQLs) (40 CFR Part 264, 
Appendix IX) will satisfy the DQOs If it is determined through the RI/RFI process at OU4 that 
PQLs will not support the detection of ground water contaminants at concentrations at or below 
ARARs (including an analysis of the most current WETS "Benchmark" tables), analytical 
methodologes will be reevaluated pnor to the development of a detiled ground water sampling 
and analysis plan PQLs for non-Appendix IX contaminants of concern (americium 241, 
plutonium 239/240, uranium 235, and tritium) will be consistent with established SOPS for the 

' WETS 

V.5 3.1.1 Background Ground Water Quality 

Ground water flowing towards the Solar Evaporation Ponds originates primanly in 
the plant area, southwest of the ponds Several potential ground water contaminant sources are 
present in the plant area The companson of upgradient and downgradient ground water quality 
must take into consideration sources of contamination located upgradient from the ponds Four 
existing alluvial/colluvial wells and four exlsting weathered bedrock wells located south and west 
(upgradient) of the Solar Evaporation Ponds will be included in the post-closure ground water 
monitonng system to help achieve this DQO 

v 5 3.2 Quality Assurance/Quality Control Objectives 

QNQC objectives are established to ensure that all data collected during post-closure 
monitoring are of acceptable quality to support response action decisions and the DQOs The 
implementation of appropriate QNQC procedures allows development of meaningful technical 
conclusions The QNQC program described herein will be implemented by the data 
collection/analysis contractor In addition to the steps described below, the laboratory 
performing the analyses will be responsible for performing QNQC in support of Level I11 data 
The analytical laboratory deliverables will include the QNQC results from the laboratory 

0 
v-59 



Components of the QNQC program include evaluahons of the following e charactenstxs of measured data 

Precision 
Accuracy 
Representativeness 
Completeness 
Comparability 

I In addiaon, standard analytical data quality assurance evaluations will be performed 
on all ground water data collected Specific Data Quality Assurance procedures used to evaluate 
analytical data from ground water samples will follow those negotiated in the RCRA Ground 
Water Monitonng Plan at the time of the ground water sampling It is anticipated that all 
laboratory analyses will be performed consistent with Level I11 quality assurance procedures, and 
that a full QNQC package w11 be required as a deliverable from the laboratory for all samples 
analyzed The laboratory deliverables will include all QC sample results, such as matnx spikes 
and surrogate recovenes, for review by the data collection and analysis contractor 

V 5.3.2.1 Precision 

Precision is a measure of the reproducability of measurements under a given set of 
conditions Precision is assessed through a comparison of duplicate measurements, and is 
usually quantified in terms of a relative percent difference between primary and replicate 
samples In the analysis of ground water, duplicate analyses are performed on replicates of the 

I primary sample Replicates prepared in the field are submitted blind to the laboratory The 
relative percent difference (RPD) test will be used to assess the laboratory’s ability to reproduce 
test results from replicate or split samples The RPD is defined as 

0 

(x-y)Ir(x+y)I2)1 x 100 
where 

X = pnmary sample concentration 

Y = replicate/split/laboratory duplicate sample concentration 

V 5 3 2.2 Accuracy 

Accuracy is a measure of the bias that exists in a measurement system That is, it 
is a measure of the trueness of a particular measurement, where the actual measurement is 
compared to the known value of a true standard Sources of bias in the sampling and analysis 
of ground water include field contamination and improper sampling, preservation techniques, 
sample handling, and/or analytical procedures 

The accuracy of analytical procedures IS assessed by analyang known standards, or 
spilung an unknown sample with a known quantity of standard, and analyang the resultant 0 
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mixture The 
latter technique quantifies accuracy in terms of percent recovenes of the added spike, and takes 
into account matnx effects specific to a particular sample The constituents added to a sample 
by the laboratory in order to measure recovery are referred to as surrogates Spiked samples 
and other quality control results generated by the laboratory (as opposed to those generated in 

the field by the sample collection contractor) are referred to as Laboratory Control Samples 
(LCSs) USEPA Contract Laboratory Program Statement of Work (SOW) (USEPA, 1990) 
stipulates those constituents appropnate for spilung and subsequent measurement, and defines 
the percent recovery required for proper QA/QC The acceptable percent recovenes vary from 
constituent to constituent Laboratones performing analyses as part of the Solar Evaporation 
Pond post-closure sampling effort will employ one or both of these methods as part of their 
project-specific QNQC measures Evaluation of the significance of laboratory percent recovery 
data, with respect to accuracy, will be performed as part of the data validation process Percent 
recovery measurements must fall within the ranges defined by the SOW (USEPA, 1990) for each 
particular constituent Acceptability is evaluated by the laboratory as part of Level I11 data 
validation Acceptable percent recovenes will be taken as evidence of accuracy in laboratory 
data measurement 

The first approach quantifies measured values as a percentage of true values 

V.5.3.2.3 Representativeness 

Representativeness is the extent to which sample data accurately and precisely 
represent selected charactenstics of the sampled population The assessment of 
representativeness is qualitative and addresses the overall design of a sampling program 
Considerations in evaluating the representativeness of the data include, but are not necessarily 
limited to, the proper selection of sample locations, the methods used to obtain environmental 
samples at the site, and the appropnateness of the analytical method for the type of sample 
obtained The following factors will be considered as part of the implementation and subsequent 
evaluation of sampling and analysis programs to ensure that representative data are obtained 
dunng the performance of this program 

0 

Sample locahons will be carefully selected to charactenze ground water quality both 
upgradient an downgradient of the waste matenal Efforts will be made to minimize or reduce 
the effects of enmronmental conditions on sampling efforts For example, field instrumentation 
will be isolated from field conditions so that data accurately reflect site conditions The 
parameters selected for analysis will be based on the analytical requirements as specified in 
Colorado regulations and will include the list of contaminants of concern for the OU4 

V 5.3 2.4 Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement 
system or program compared to the amount that was expected to be obtained under ideal 
conditions It can be expressed as a percentage, as follows 

x 100 = Percent completeness 
TotalData 
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Completeness wl l  be routinely assessed using this equation Based on information 
presented by USEPA (1987), and the QNQC procedures that w l l  be implemented as part of this 
sampling and analysis plan, completeness ratings of 90 percent should be expected The goal 
for data completeness for all field data collechon activities is 100 percent, however, variations 
in field conditions from the sampling plan, problems dunng sample transportation, and matrix 
interference usually prevent achevement of the 100 percent complete goal A certain amount 
of redundancy is typically built into any sampling and analysis plan to account for this problem 
The minimum acceptable completeness for this project is 90 percent Data that do not meet the 
completeness data quality objectwe will be cause for re-sampling for the analytes determined to 
be deficient 

V.5.3.2 5 Comparability 

Comparability expresses the confidence with which one data set can be compared to 
another Data comparability is assessed in a qualitative manner, and only after accuracy and 
precision of each data set are known The comparability of data sets is determined by 
identifying the difference, if any, between data sets in terms of sampling methods, handling, 
preservation, holdlng times, location, analytical methods, and quanufiable accuracy and 
precision 

Given that post-closure monitonng can extend over a considerable time period, and 
can involve different contractors, subcontractors, personnel, and laboratories, and often include 
new and currently evolving analytical techniques, the QNQC standards necessary to ensure data 
comparability are a cntical element For data collected in the field dunng this investigation, 
sample collection and handling procedures are specified in the sampling and analysis plan The 
consistent use of these procedures throughout the remedial actions will ensure that data sets are 
comparable on the basis of these field vanables 

0 

Laboratory QNQC techniques for the analysis of environmental samples have become 
standardized, and many of the currently accepted techniques are outlined in the USEPA SOW 
(1990) For non-USEPA methodologes, ASTM methods (or their equivalents) provide 
standardization These methods, together with the specific QA plans and data validation 
procedures for sample analysis, will help ensure that laboratory procedures are comparable 
between data sets obtained by parties to the remedial action 

V 5 3 2.6 Field Quality Assurance and Quality Control Samples 

Dunng implementation of the field sampling program described in the SAP, field 
QA/QC samples will be collected to assess the reproducability of the field collection techniques, 
the quality of preservation reagents and sample bottles, and the effectiveness of field 
decontamination procedures 

QNQC samples will be collected and shipped to the Contract Laboratory for analysis 
These samples, which are described below, consist of trip blanks, field replicates, and equipment 
blanks e 
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TnD ( volatile o r m u  c compounds (VOCs) only) A tnp (travel) blank 
is a sample contamer filled with organic-free water in the laboratory that travels 
unopened with the sample bottles It is returned to the laboratory with the field 
samples, opened in the laboratory and analyzed along with the field samples for 
v o c s  

Field Replicate A field replicate is a sample prepared at the sampling location 
from equal portions of all sample aliquots combined to make the field sample 
Both the field replicate and the field sample are collected at the same time, in 
the same contamer type, preserved in the same way, and analyzed by the same 
laboratory as a measure of sampling and analytical precision 

An eqapment blank (also called an equipment rinsate blank) 
is made by pounng organic-free water into or through the field sampling 
equipment (baler, pump tubing, soil sampling equipment) that conceivably 
could be a source of contaminahon The water is then collected and sealed in 
the same type of sample container as the other field samples, preserved in the 
same manner (using the same preservative) transported to the laboratory with 
the field samples, and analyzed for the same parameters as the associated soil 
or water samples Equipment blanks will be collected before the associated 
field sample is collected 

Field replicate and equipment blank samples will be collected at the site at a minimum 
frequency of one per 20 samples per matrix Tnp blank samples will be supplied by the 
laboratory and one set of tnp blanks will be returned to the laboratory in each cooler containing 
samples for VOCs analysis These samples will be collected, preserved, and handled in the 
same manner as the field samples Each field QA/QC sample will be packed and shipped along 
with the field samples to the laboratory for analysis of the same constituents using the same 
analytical procedures as the field samples 

V 5 3.3 Sampling Procedures 

The quality of the data collected in an environmental study depends on the quality of 
the sampling actiwhes Therefore, field operations will be carefully planned and implemented 
Procedures and protocols for ground water sampling will be in accordance with applicable 
existing SOPS for ground water sampling at the WETS Specific ground water sampling 
activities are as follows 

GW01 Water Level Measurements in Wells and Piezometers 
GW 02 Well Development 
GW05 Field Measurement of Ground water Field Parameters 
GW 06 Ground water Sampling 
F 0 0 3  General Equipment Decontamination 
FO 13 Containerization, Preserving, Handling, and Shipping of Soil and 

Water Samples 
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V 5.3.4 Sample Preservation and Shipment 

Procedures and protocols for sample preservatlon and shipment will be in accordance 
with applicable exlstmg SOPs for ground water sampling at the WETS (SOP FO 13) 

e 
V.5.3.5 Analytical Parameters and Procedures 

The Solar Evaporation Ponds are currently undergoing ground water monitonng as 
specified in 6 CCR 1007-3 Section 265 93 (d) (40 CFR 265 93 (d)), because it has been 
determined that ground water quality has been affected by the ponds, which are regulated as 
intenm-status units Once intenm-status is terminated and final administrative disposition of the 
post-closure permit is made, momtonng will be pursuant to 6 CCR 1007-3 In accordance with 
the IAG, analyhcal parameters for post-closure monitonng will be denved from the RCRA 
Appendix IX Ground water Monitonng List (6 CCR 1007-3) but will focus on the contaminants 
of concern identified for the OU4 IM/IRA Only four IM/IRA contaminants of concern are not 
listed in Appendix IX, these are amencium 241, plutonium 239/240, uranium 235, and tritium 

The complete list of potential analytical parameters for post-closure ground water 
monitonng at the Solar Evaporation Ponds is provided in Table V 5-3 The list of analytes for 
the ground water sampling can not be finalized at this time The analytes will be derived from 
the RCRA Appendix IX list, but will focus on the OU4 contaminants of concern These may 
include contaminants not yet identified in OU4 media, or contaminants in other materials 
disposed in the SEPs pnor to final closure The specific list of analytes, analytical methods, and 
the frequency of analysis will be negotiated as part of the post-closure permit application 
process The listings prov:ded in Table V 5-3 are for reference only, and may be modified in 
the post-closure permit 

0 

Also listed in Table V 5-3 are suggested analytical methods and practical quantitation 
limits (PQLs) for Appendix IX analytes Specific analytical methods will be identified in the 
post-closure permit application, and will be consistent with the most recent RCRA Ground Water 
Monitonng Plan for the WETS at the time of the permit application Analytical methods and 
PQLs for americium 241, plutonium 239/240, uranium 235, and tntium are consistent with 
established analytical SOPs for the WETS In some cases, individual Appendix IX compounds 
are listed with more than one suggested analytical method and corresponding PQL In these 
cases, the analytical methods and PQLs that are consistent with current WETS SOPs will be 
selected Efforts will be made to reduce the number of analytical methods by selecting those 
methods that encompass the greatest number of individual analytes Field parameters will 
include Ph, specific conductance, and ground water temperature The analyte list will be 
reduced after a sufficient number of sampling events to reduce the costs associated with the 
monitoring effort 

V 5 3 5 1 Sampling Frequency 

Ground water sampling will be conducted quarterly Samples will be collected 
annually for analyses encompassing the contaminants of concern and Appendix IX analytes a 
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Sample parameters for the remmning three quarters wll consist of the contaminants of concern 
Field parameters wl l  be measured dunng each sampling event Water levels w l l  be measured 
at the begnning of each quarterly sampling event, and ground water elevation/flow maps will 
be generated 

V. 5.3.6 C hain-o f-Custod y Control 

Sample custody is a wtal aspect of collecting quantifiable and legally-defensible 
analytical data The samples must be traceable from the time of sample collection until the 
analyses are performed Procedures and protocols for chain-of-custody control will be in 
accordance with applicable existing SOPs for ground water sampling at the WETS Specific 
elements of chain-of-custody control SOPs that will be implemented are FO 13, 
Tontainenzation, Preserving, Handling, and Shipping of Soil and Water Samples, " and FO 14, 
"Field Data Management I' 

V 5.4 Important Cost Assumptions 

Cost information including estimates of capital expenditures and annual operation and 
mamtenance costs were prepared for the monitonng systems discussed herein The cost and 
schedule information is presented in Part IV However, it is important to note at this time some 
of the important assumptions and limitations inherent in the cost estimates These are 

0 The costs for operation and maintenance (O&M) of the final engineered cover and 
vadose zone monitonng systems are based on the frequencies of data collection 
specified for the first year Since the cost for sampling of these systems is directly 
proportional to the sampling frequency, as sampling frequencies are reduced over 
time the costs will also diminish over time It is expected that the O&M costs will 
diminish rapidly with time 

The O&M costs for the vadose zone monitoring system include a substantial dollar 
amount for analysis of soil-pore liquid samples It is unlikely that these samples will 
be collected on a regular basis if the design performs as expected due to lack of soil 
moisture Therefore, the costs included for these analyses may not in fact be 
incurred 

The O&M costs for the ground water monitoring program are based on the currently 
expected list of COCs for OU4 However, this list may be expanded or reduced 
following the Phase I1 RI and final construction However, the cost of chemical 
analyses of ground water samples can only be reduced when an entire group of 
chemicals is eliminated from the list of required analytes This is because analytical 
methods typically report a large group of compounds, and if even one of the 
compounds is required for a specific analytical method then the entire method must 
be run Therefore, significant reductions in ground water monitoring O&M are not 
expected until the results of the final engineered cover and vadose zone monitoring 
programs can justify substantial reductions in ground water monitoring 
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V.6 
MONITORING SYSTEM ASSESSMENT PROGRAM 

V 6.1 Final Engineered Cover Monitonng System Assessment 

The purpose of the final engmeered cover monitoring system is to assess the 
performance of the final engineered cover and to identify the potential for moisture to enter the 
waste matenal wa infiltration through or around the final engineered cover Instruments will 
be placed at vanous locations within the final engineered cover to detect changes in moisture 
content which may be indicative of the potential for water movement The following sections 
specify the approach to be used in evaluating the data collected from the engineering 
barner/cover monitonng system (statistical evaluation), determining what results constitute 
grounds for further action (threshold values), and the steps to be taken when action is warranted 
(response actions) 

V.6.1.1 Statrstical Evaluation 

StatisQcal tests will be performed on data from the engineenng barrier/cover 
monitonng systems to satisfy general performance standards for statistical analysis of ground 
water monitonng data from RCRA facilities according to EPA guidance (EPA 1989, EPA 1992) 
Inihd testing will be performed on a baseline suite of data collected in a short time period 
immediately after the instrumentation becomes operational to determine if an assumption of 
normally distnbuted data is appropnate for the instrumentation installed at the site This will 
also permit the definition of precision for each type of monitonng data at each monitoring point 
It is anticipated that normai theory tests will be appropnate for the treatment of TDR and FDC 
data Meteorological instruments will be tested and calibrated according to manufacturer 
specifications and a precision for field-installed instruments will be measured if possible 

A time senes data analysis will be used to detect trends from measurements of 
interrelated processes Control charts of selected parameters will be maintained using a 
Shewhart-Cusum control chart methodology (EPA, 1989) Calculated evapotranspiration will 
be plotted alongside soil water contents, runoff, and soil temperature at all monitored points The 
number of consecutive measurements used for each measurement type in the Cusum running 
average will be evaluated after one year of data acquisition 

For detection of moisture increases, an out-of-control level will be set to signal 
significant changes in data Initially, the Type I error level of 0 01 (approximately three 
standard deviations) above or below the mean determined from the initial baseline data at each 
position will be set as the out-of-control level If the standard deviation of the original baseline 
data is too small to measure, a measured volumetric moisture content change of 2 percent will 
be considered significant After one year of data acquisition this will be reevaluated and reset, 
if appropriate (e g if it is deemed likely that construction-water redistribution has elevated the 
background moisture at any positions) 
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V.6.1.2 Threshold Values 

Threshold values for soil moisture content measurements will be set for each type of 
matenal momtored, the natural matenals at the ground surfacelengineered cover interface, the 
upper soil of the final engmeered cover and the compacted waste Threshold values will be 
selected based on laboratory charactenzation of the natural soils, the cover soil and the 
compacted waste matenal The unsaturated hydraulic conductivity as a function of water content 
for each matenal will be measured directly or calculated from soil moisture charactenstics using 
the van Genuchten or other well-accepted technique (van Genuchten, 1980, 1991) For each 
matenal type, the moisture content at which flow is considered significant will be selected as a 
threshold The threshold value for the sand layer beneath the angular nprap layer will be set 
at the stahsticdly determined out-of-control level, regardless of the hydraulic conductivity 
implications of the increase l b s  is done as an early warning measure to tngger evaluation of 
the adequacy of the overlying soil layer and possible appropnate response as early as possible 

V 6.1.3 Response Actions 

An exceedence event occurs if threshold values at any monitored point are exceeded 
The initial response action to an exceedence event will be to intensify monitoring efforts by 
immediately (within days) re-sampling or remeasunng the point of the exceedence event and 
adjacent points in the monitonng network If the threshold is not exceeded again, hydrological 
events prior to the initial exceedence event will be examined to determine the likelihood that a 
slug of water moved rapidly through the system, and monitonng schedules may be adjusted to 
capture subsequent similar events If the threshold is exceeded again a vanety of response 
actions are tnggered All monitonng systems involved will be checked and tested to identify 
any malfunctions that could cause false-positives If any are identified, they will be corrected 
Re-sampling must be performed and all measurements must be below threshold values to return 
to standard monitoring schedules Otherwise, the monitonng schedule will be intensified at the 
discretion of the project manager in order to charactenze the hydrologic event under observation 
Visual inspechon of the final engmeered cover system, guided by monitonng data and all 
monitonng systems, will be performed An evaluation of an exceedence event will be made in 
writing with recommendations for alteration of the final engineered cover design, repairs, and/or 
increase of threshold values at any monitonng points as necessary 

a 
~ 

V 6 2 Vadose Zone Monitorrng System Assessment 

The purpose of the vadose zone monitonng system is to detect moisture either 
entenng the waste matenal via upward movement (1 e , capillary action or nsing water table) 
through the vadose zone Instruments will be placed at vanous locations within the vadose zone 
to detect changes in moisture content which may be indicative of the potential for water 
movement The following sections specify the approach to be used in evaluating the data 
collected from the vadose zone monitonng system (statistical evaluation), determining what 
results constitute grounds for further action (threshold values), and the steps to be taken when 
action is warranted (response actions) 

I. 
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V.6.2.1 Statistical Evaluation 

Statrstrcal evaluation of FDC data from beneath the subsurface drain layer will be the 
same as for FDC measurements related to the final engneered cover monitoring system 
descnbed above 

Neutron probe data from the access tubes beneath the gravel dram will consist of 
positionlcount data pars from either neutron counts taken at set positions or from counts 
integrated across known distances from digitized continuous logs A set of baseline logs (subject 
to budgetary constramts, but ideally greater than 20) will be run to determine the precision at 
each position using parametric statistical tests The total error at each position will consist of 
a relocation error component and an instrumental error component related to the counting 
statistics of the neutron probe used 

It is useful to separate the two error types when evaluating numerous neutron probe 
logs The repositioning error can be estimated by observing the reported location of a known 
sharp interface where neutron counts increase or decrease sharply It is appropnate to adjust 
morphologcally similar logs to reduce obvious offsets in data before precision is calculated 
The instrumental error can be calculated from the onginal baseline data set using parametnc 
statistical tests, including the Student T test for samples smaller than 20, or it can be estimated 
by assuming the standard deviation is equal to the square root of the mean of the counts at any 
position For the purposes of this analysis, a significance level of 95 percent will be used to 
define meaningful increases in neutron counts 

Lysimeter data will consists of chemical concentrations of the COC’s present in pore 
fluids (not necessanly readily mobile depending on the tensions at which they are extracted) 
Current information on subsurface conditions at WETS indicate that it may frequently be 
impossible to collect a pore liquid sample The unknown availability of future samples from all 
lysimeters at the site make determination of statistical tests inappropriate at this stage of the 
design effort Availability of pre-existing lysimeters that could serve as background samplers, 
and the quantity and chemistry of past and future pore liquid samples taken at the site, will 
ultimately determine the appropnate method For example if most values are below detection, 
a test of propomons is suggested After a sufficient number of independent samples (minimum 
4) has been taken, three approaches will be considered 

Intrasampler cornpansons 

Comparison to background at each time 
Companson wth  a constant limit 

It is anticipated that after the first 3-year period there will be sufficient data to define 
a relevant procedure 

In the interim, comparison with chemistry of 
of the lysimeters, ground water chemistry and appropriate 
trends or conditions that would signal leachate releases e 

soil samples taken during installation 
PRG’s will be used to identify upward 
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Statistical tests mll be rewewed in the event that ground water nses to flood the pore 
Ground water is already contaminated and the potential for 

' 
liquid sampling (PLS) positions 
residual liquids from ground water influencing future detection tests must be evaluated 

V 6 2.2 Threshold Values 

Two threshold values for the FDC samplers placed at the top of the gravel sub-dram 
layer are appropnate The first will be at a moisture content in equilibnum with 60 cbars of 
pore water tension as defined by laboratory charactenzation of soils at the site This threshold 
will signal the possibility for collecting a pore liquid sample (at this tension, a small gradient can 
be generated into the sampler at the elevation of WETS) The second threshold will be at a 
moisture content that corresponds to the "field capacity" of the site soils This threshold will 
indicate mobility of pore liquids is possible 

Threshold values for the neutron probe will be established as neutron counts at each 
position that signal a significant increase in moisture content A reasonable expectation, based 
on other sites, is that neutron counts corresponding to a five percent volumetric water content 
increase can be detected at the 95 percent level 

Threshold values for PLS will initially consist of MCL's or other appropriate constant 
PLS threshold values are subject to reevaluation after data from the initial 3-year limits 

monitonng penod is available (assuming no release has occurred) 

V 6 2 3 Vadose Zone System Response Actions 

An exceedence event occurs if threshold values at any monitored point are exceeded 
Exceedence events involving the first (lowest) FDC threshold value at positions with a record 
of moisture contents below the threshold will tngger PLS sampling and intensified neutron 
logging In cases where FDC indicate conditions conducive to sampling are ever-present, PLS 
sampling will occur on pre-scheduled intervals 

The initial response action to any other exceedence events will be to intensify 
monitonng efforts by immediately (within days) re-sampling or remeasunng the point of the 
exceedence event and adjacent points in the monitonng network If the threshold is not 
exceeded again, hydrological events prior to the initial exceedence event will be examined to 
determine the likelihood that a slug of water moved rapidly through the system, and monitoring 
schedules may be adjusted to capture subsequent similar events If the threshold is exceeded 
again a variety of response actions are triggered All monitoring systems involved will be 
checked and tested to identify any malfunctions that could cause false-positives If any are 
identified they will be corrected Re-sampling must be performed and all measurements must 
be below threshold values to return to standard monitonng schedules Otherwise, the monitoring 
schedule shall be intensified at the discretion of the project manager in order to characterize the 
hydrologic event under observation Visual inspection of the final engineered cover system, 
guided by monitoring data and all monitoring systems shall be performed Evaluation of an 
exceedence event will be made in writing with recommendations for alteration of the final 
engineered cover design, repairs, and/or increase of threshold values at any monitoring points 
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V.6.3 Ground water Monitonng System 

The purpose of the ground water momtonng system is to detect releases of hazardous 
constituents from the closed unit to ground water Ground water monitonng wells will be placed 

quality which may be indicative of a release The following sections specify the approach to be 
used in evaluatmg the data collected from the ground water momtonng system (statistical 
evaluation), determining what results constitute grounds for further action (threshold values), and 
the steps to be taken when action is warranted (response actions) 

I 
I 

at vanom locations upgradient and downgradient of the units to detect changes in ground water 

V 6.3.1 Statistical Evaluation 

The purpose of the ground water monitonng system surrounding the SEP is to detect 
a release from the SEP to ground water A release is defined as an exceedence of applicable 
ground water quality standards for one or more constituents which is directly attributable to 
migration of those constituents from the waste matenal in the closed unit Due to the presence 
of other sources of OU4 constituents of concern upgradient of OU4, as well as existing 
contamination in ground water, the identification of a release from the SEP requires careful 
evaluation of upgradient ground water quality as it relates to concentrations of constituents 
detected in downgradient wells A statistical evaluation will be performed in compliance with 
the Statistical Analysis of Ground water Monitonng Data at RCRA Facilities (USEPA, 1992) 
This guidance document provides guidance on using several different types of statistical tests in 
companng upgradient and downgradient ground water monitoring data and in comparing 
downgradient ground water monitonng data against applicable standards to determine if a release a has occurred 

The amount and nature of the data collected from the ground water monitoring system 
will influence the choice of statistical test employed There are six types of statistical tests for 
significance discussed the RCRA guidance for analysis of detection monitoring data 

Test of Proportions 
Nonparametnc One-way ANOVA 
Parametnc One- Way ANOVA 
Tolerance Limits 
Prediction intervals 
Control Charts 

Once an adequate ground water quality baseline has been established for the OU4 
area, other appropnate statistical analysis methods will be considered in lieu of the recommended 
methods, however, if another method is submitted, it must meet certain requirements regarding 
statistical accuracy and confidence (Type I and Type I1 error rates) The general process for 
selecting a statistical test is documented in the RCRA guidance document In addition to 

downgradient ground water quality, Shewhart-Cusum Control Charts will be maintained for each 
I standard statistical tests for determining significant differences between upgradient and 

ground water quality parameter to identify time-varying trends in the data le 
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Dunng the first several years of operation of the ground water monitonng system, 
other factors mll  llkely complicate the analysis of the ground water monitonng system data, 
such as actrve remediatron of ground water or remedial actions talung place upgradient of the 
OU4 area These factors will be taken into account in any evaluation of the ground water 
monitonng system data Since the engneenng barnedcover and vadose zone monitoring 
systems will act as an early wamng system, identifying any potential releases pnor to their 
impacting ground water, it is suggested that the first several years of ground water monitoring 
data serve as a baseline for evaluation, particularly while other remedial actions (either ground 
water remediation or other upgradient surface remediations) are talung place 

I 

Following the imtial data-gathenng penod, tngger levels will be established against 
which all further data will be compared Only in cases where collected data show exceedences 
of the tngger levels will any additlonal evaluation take place The trigger levels will be set 
based on the pattern of vanation observed in the initial one to two years of data collection The 
levels will be designed to filter out natural vanations in concentrations, and to screen out known 
and identified external sources not associated with releases from the closed unit The trigger 
levels wl l  be set based on acceptable levels of Type I and I1 error, to be negotiated during the 
Post Closure Permit application process 

V 6.3 2 Threshold Values 

Threshold values for identifying a release to ground water will be established in two 
parts This first threshold value is expressed as a statistically significant difference between 
upgradient and downgradient ground water quality for one or more of the constituents 
monitored This type of threshold indicates that constituents may have migrated from the closed 
unit, and will be established following the RCRA guidance descnbed in Section V 5 3 1 In 
addition, a threshold value identifying an exceedence of applicable ground water quality 
standards will be established for each constituent regulated under the RCRA program and 
monitored in the ground water sampling and analysis program described in Section V 5 3 5 
Threshold values wl l  be established using promulgated ground water quality regulations at the 
time of submittal of the Post Closure Permit application 

a 

V 6.3.3 Response Actions 

In the event a condihon is detected in ground water exceeding applicable threshold 
values, an immediate re-sampling event will be initiated The re-sampling will include the 
well(s) where the exceedence was detected, and may include other wells for the purpose of 
identifying potential upgradient sources If the re-sampling event confirms the exceedence of 
the threshold value@) wth  no identifiable upgradient sources, the monitoring schedule will be 
intensified at the discretion of the project manager to characterize the nature and extent of the 
release Visual inspections of the final engineered cover system and evaluation of the current 
and historical final engineered cover and vadose zone monitoring data will also be initiated An 
evaluation of the exceedence event will be submitted in writing with recommendations for any 
necessary remedial actions such as alteration or repair of the final engineered cover system, 
and/or increasing the monitoring frequency and network scope to identify any potential impacts 
to human health or the environment 0 
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v.7 
POST-CLOSURE CARE ACTIVITIES 

Pursuant to CCR 264 112, the SEP will be subject to post-closure care requirements 
including un~t-specific monitonng, operations, maintenance, inspections, and associated record 
keeping These achvlties will be presented in a Post-Closure Plan Ground water and Vadose 
Zone monitonng objectives and procedures have been developed and are presented in Section 
V 4 of this document Upon review and acceptance by the regulatory agencies, this monitonng 
program mll be reiterated in the Post-Closure Plan The remaining post-closure operating, 
maintenance, and inspection objectives and procedures are conceptually outlined below, and will 
be presented in detal for review and comment by CDPHE in the Post-Closure Plan 
Specifically, the proposed post-closure activihes include 

Inspection and monitonng of the cover system and surface-water control system, 
including mitigation procedures 

Mamtenance of the cover system, including erosion prevention, 

Inspection and maintenance activities associated with security, 

Monitonng for settlement and lateral displacement, 

Inspection and monitonng activities associated with the ground water and vadose 
zone monitonng systems, 

Record keeping and reporting 

V.7 1 Cover System Inspection and Monitonng 

Throughout the post-closure care penod at the SEP, regular inspections of the cover 
system and associated structures will occur The cover wl l  be inspected for signs of erosion, 
crachng, differential subsidence, lack of vegetabon, and accumulation of standing water The 
surface-water control system will be inspected for breaches, erosion, damage, silting and other 
obstructions to flow An inspection schedule for each of these elements will be presented in the 
Post-Closure Plan In addition to regular inspection schedule, inspection will occur after 
significant precipitation events, defined as greater than 1 inch magnitude over a 24-hour period 

As part of the inspection program, physical indicators may be placed in the part of 
the cover so that the extent and severity of any erosion or craclung can be readily detected 
These indicator layers may consist of a geomembrane fabnc or a layers of distinctively colored 
gravel, and would be placed at depths below which a loss of soil material may cause saturated 
flow to reach the underlying capillary break layer leading to frequent infiltration of the cover 
materials above the low permeability hydraulic barner 
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For each inspection, pre-pnnted forms will be used to record inspection findings, 
These forms will be presented in the Post- 0 unusual conditions and correctwe actions taken 

Closure Plan along with associated record keeping procedures 

If a problem is discovered dunng inspection, the seventy of the situation will be 
assessed to determine whether the integnty of the cover system has been compromised A 
standard set of miQgabon procedures and implementation schedule will be developed in the Post- 
Closure Plan These measures will generally include erosion and craclung repairs, replacement 
of compatible fill matenal, repars to runoff controls system, and revegetation In addition, if 
the assessment indicates that the integnty of the cover has been compromised, relevant 
regulatory agencies will be notified 

V.7.2 Cover Maintenance 

The cover system maintenance program will include components for the prevention 
of erosion damage, revegetation care, surface-water conveyance care and repair, and leachate 
collection system care and maintenance This program is conceptually outlined below and will 
be presented in detsul in the Post-Closure Plan 

Inspection for erosion control will be performed on a regular basis plus after 
Steps will be taken to ensure that drainage pathways and cover significant ramfall events 

thickness established dunng closure are maintained 

Dramage ditches and cover-system pipe outlets will also be inspected on regular basis 
At the time of inspection, standard maintenance activities and after significant ramfall events 

will be undertaken such as removal of accumulated sediment 

Vegetation will be inspected on a regular basis plus after significant rainfall events 
A regular schedule of mowing, subject to seasonal climatic conditions, will be followed to 
establish the vegatative cover, promote root growth and to allow cover inspection 
Maintenance activities w l l  also include removal of undesirable foreign vegetation and 
revegetation of bare areas 

All of the above activities are most essential as the cover vegetative system is 
established, which will likely occur over several growing seasons It is important that the 
desired plant species are established to a significant degree, and that drainage systems are 
maintained free of sediment until fully populated by the desired cover plants Finally, once the 
system is determined to be as desired, maintenance activities will be curtailed Monitoring will 
continue throughout the post-closure penod 

V 7 3  Security 

The existing secunty measures at the Rocky Flats plant include 

Three-strand barbed wire cattle fence surrounding the facility posted to identify 
the land as a government reservation/restricted area, 
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A fence surrounding and armed guards posted 24 hours per day at two gates to 
the controlled area of the faality, 

6-foot high chain link fence topped by 2 feet of three-strand barbed wire 
surrounding and guards posted 24 hours per day at gates to the perimeter 
secunty zone (PSZ), 

Guards patrolling the controlled area and the PSZ 24 hours per day, and 

Surveillance by secunty cameras 24 hours per day 

The emsting security measures are sufficient to meet the requirements of CCR, 
Section 264 14 

The existing fences and gates are operated and mantined by the U S Department 
Mamtenance requirements will be performed by the U S Department of Energy, of Energy 

regardless of the activities at the solar evaporation ponds 

Dunng the post-closure penod, the SEP will be secured by a 8-foot chain link 
penmeter fence and a loclung gate to prevent unauthonzed entry Signs will be placed around 
the fenced area to indicate that unauthonzed access is prohibited 

V 7.4 Monitonng for Settlement and Subsidence 

As descnbed in Section V 7 1, inspection for excessive settlement will be performed 
on a regular basis, with inspection frequency to be established in the Post-Closure Plan In 
addition to these inspections, a long-term monitonng and assessment program will be established 
to detect longer-term, more subtle changes in vertical elevations and slope angles that may be 
indicative of cover system failure The monitonng program will begin with the installation and 
surveying of benchmarks, settlement markers and slope indicators (Section V 4 1 5) Monitonng 
procedures, measurement frequency, and performance cntena will be presented in the Post- 
Closure Plan If the vertical, honzontal or slope angle movements exceed performance cnteria 
established in the Post-Closure Plan, then an assessment and mitigation plan will be submitted 
mthin a specified penod Note that all settlement/subsidence markers and measurement 
instruments will be inspected for damage and functionality dunng the regular inspection 
program 

V.7.5 Ground water and Vadose Zone Monitoring System Maintenance 

The ground water and vadose zone monitonng systems have been conceptually 
designed and are presented in Section V 4 of this document, including associated maintenance 
of these systems These activities will be reiterated in the Post-Closure Plan 
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V.7.6 Record Keeping and Reporting 

The momtonng system to be used for this project will consist of data collection, 
storage, transmission, and analysis/archival subsystems, to allow for remote site monitonng 
The subsystems will provide the means to collect data from strategically placed sensors which 
w11 monitor soil moisture, soil temperature, an data, rainfall, and snowfall The system will 
be able to integrate addtional sensors if found necessary 

, 

The data collection subsystem (DCS) wl l  interrogate sensors at programmable 
intervals, store raw data for up to one week, and download to an off-site data management 
system The DCS will be connected to commercial power, but will have a back-up power 
system to assure continuous operation in the event of a commercial power outage 

The data analysis/archival subsystem will accomplish the following 

Automatically interrogate the DCS via landlines at penodic intervals, and 
download all raw data collected since the previous interrogation, 

Convert the raw data into standard engineenng units, 

Analyze and display the data in forms that are suitable to allow for adequate 
management decisions with regard to the site, 

Store the raw data and any analysis in suitable archival form, 

Alert the site management of any rapid changes in the data from the site 
sensors 

This system will be used to meet the record keeping requirements stated in the IAG 
(Interagency Agreement), and those applicable requirements provided under the Colorado 
Hazardous Waste Act regulations, 6 CCR 1007 3 

The IAG states that DOE shall preserve, for a minimum of ten (10) years after 
termination of the IAG, all of its records and documents in its possession which relate in any 
way to the presence of hazardous substances, pollutants, and contaminants at the site After this 
ten-year period, DOE shall notify EPA and the State at least 45 days pnor to destruction or 
disposal of any such documents or records Upon request by EPA or the State, DOE shall make 
available such records or documents to either party 

DOE will also be required to establish and maintain an Administrative Record at or 
near the site in accordance with Section 113(k) of CERCLA The Administrative Record will 
be established in accordance with EPA policy and guidelines and will be updated on at least a 
quarterly basis A master copy will be maintained by DOE at the WETS in the Environmental 
Restoration Department currently located in Building T130B Four additional locations will 
satisfy the requirement of public access These four repositories are as follows 
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Rocky Flats Readmg Room 
Front Range Community College 
3645 W 112th Avenue 
Library 
Westminster, Colorado 80030 
(303) 469-4435 

Rocky Flats Envlronmental 
Momtonng Council 
1536 Cole Blvd , Suite 150 
Golden, Colorado 80401 
(303) 232- 1966 

Colorado Department of Public 
Health and the Environment 
Records Center-B2 
4300 Cherry Creek Dnve South 
Denver, Colorado 80222-1530 
(303) 692-333 1 

U S Envlronmental Protection 
Agency (EPA) 
Superfund Documents Room 
5th Floor 
999 18th Street 
Denver, Colorado 80202 
(303) 293-1444 

The EPA will make the final determination of whether a document should be included 
in the Administrahve Record The State will take part in this determination if found necessary 
The EPA or the State may also submit documents to DOE that are to be included in the 
Administrative Record 

As a part of post-closure care, compliance monitonng reports will be submitted to the 
EPA and the State regarding results collected from four separate modes of monitoring the 
integnty of the cover system These methods include cover system monitonng, vadose zone 
monitonng, ground water monitonng, and cover system inspections Each of these are 
addressed below 

a 
Cover System Monitoring 

Reporting results of the cover system monitonng program will be completed at the 
same frequency as determined necessary for the vadose zone 

Vadose Zone Monitoring 

Monitonng of the vadose zone will follow the methods descnbed in Section V 5 2 
The frequency that the reports will be generated and distributed will be determined during the 
final monitonng system design This frequency, at a minimum, will be on a quarterly basis 

Ground Water Monitonng 

The purpose of the ground water monitoring report is to present monitoring data as 
required under Colorado Hazardous Waste Act regulations, 6 CCR 1007-3, Part 265, Subpart F, 
Section 265 94 for RCRA interim status waste management units at the RFETS These 
regulations require that a ground water monitoring program be implemented that will determine 
the facility’s impact on the uppermost hydrostratigraphic unit beneath the facility Records are 
to be maintained throughout the post-closure care penod of the analyses required in Section 
265 92, and the evaluations required in Section 265 93 
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Informahon should be reported dunng the first year when initial background 
concentrations are being established for the facility, concentrations or values of the parameters 
listed in Section 265 92 for each ground water monitonng well are reported wthin 15 days after 
completmg each quarterly analysis Another report should be generated annually, identifying 
concentrations or values of the parameters listed in Section 265 92 for each ground water 
monitonng well, along with the required evaluahons for these parameters under Section 265 93 
The owner or operator must separately identify any significant differences from initial 
background found in the upgradient wells, in accordance with Sec 265 93 Results from the 
evaluation of ground water surface elevations performed under Section 265 93 should be 
submitted no later than March 1 following each calendar year 

V 7 6.1 Cover System Inspections 

Physical inspections of the final engmeered cover will be completed as descnbed in 
Section V 7 1 These 
forms will then be included in the ground water monitonng reports If a problem is detected 
which may effect the integnty of the cover system, the extent of the problem will be assessed 
and when necessary, a corrective action plan submitted Appropnate regulatory agencies will 
be notified 

Results from these inspections will be recorded on pre-pnnted forms 

Five-year and thirty-year assessments will also be completed to evaluate the integrity 
of the cap These assessments are discussed in Section V 8 under Post Closure Performance and 
Assessment e 
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V.8 
POST CLOSURE PERFORMANCE AND ASSESSMENT 

V.8.1 Five Year Assessment 

At five year intervals following approval of the Post Closure Permit for OU4, a Five 
Year Assessment report will be submitted descnbing the performance of the final engineered 
cover as measured by the final engineered cover, vadose zone, and ground water monitoring 
systems The purpose of the five year assessment report is to provide a detailed assessment of 
the monitonng data collected and visual inspections performed over the five year period and to 
determine if the data indicate that either remedial actions or modifications to the monitoring 
program are warranted The Five Year Assessment reports will contain similar analyses to the 
annual reports, and will follow the procedures outlined in Section V 6, Monitonng System 
Assessment Program 

Additional details on the content and format of the Five Year Assessment reports will 
be provided in the detaled engineenng design report and in the Post-Closure Permit Application 
for OU4 

V.8.2 Thirty Year Assessment 

The RCRA regulations currently specify a thirty-year monitoring period for post 
closure care of regulated units A Thirty Year Assessment report will be submitted thirty years 
after approval of the Post Closure Permit for OU4 The purpose of the Thirty Year Assessment 
report is to document the performance of the final engineered cover system for OU4 over the 
thirty year penod, and to determine if post-closure care may be discontinued 

Additional details on the content and format of the Thirty Year Assessment report will 
be provided in the detaded engineenng design report and in the Post Closure Permit application 
for OU4 

V 8.3 Reduction in Monitoring 

The sampling and analysis plan is designed such that the intervals between 
measurement and sampling event are shortest at the beginning of the remedial action and become 
greater as time elapses and the performance of the remedial design is assessed and verified 
Data collected dunng the initial 3-year penod will be used to develop an understanding of the 
effect of seasonal weather changes on the monitonng data, identify gaps in the data, further 
charactenze the completed remedial design, identify any additionally required monitoring 
locations, and evaluate sources of uncertainty such as sampling, analysis, and site conditions 

The costs associated with initiating the final engineered cover monitoring system and 
vadose zone monitonng activities will be relatively high during the first few years of operation 
Therefore, the effort expended and associated costs will decrease substantially through time 
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The recommended long-term frequency for measurement and sampling depends in part 
on the effechveness of the remedial acbon as determined through the ongoing monitonng 
program If the monitonng data demonstrates that a steady, predictable stabilization of the pore 
liquids in the waste pile has occurred, then reducing the sampling frequency will be a reasonable 
course of action Frequency of monitonng is also dependent upon the labor intensity of the 
measurement process as it effects the cost of acquinng data For example, there is little cost 
differential between weekly and daly monitonng of weather parameters when data from the 
sensors are electronically logged, acquired and presented in report format 

Frequency is also dependent upon the status of other sensors in the overall system 
Measurement redundancy is built into the system in anticipation of the contingency that sensors 
may become disabled in the future For example, if the FDC Sensors (which are part of the 
final engineered cover momtonng system) become disabled at some point in the future, the 
NPAT can also perform the function of detecting downward migration of leachate The 
frequency of NPAT data acquisition would be increased in the event that FDC probes become 
disabled Likewse, once it can be shown that the final engineered cover and vadose zone 
monitoring system data are reliably and consistently being used to demonstrate no leachate 
migration from the waste pile, the frequency of monitonng at all or some of the proposed 
ground water monitonng wells could be reduced or even eliminated 

The monitonng data will provlde the basis for determining that the remedial action 
objectives have been met and that the source control action, which is the goal of the remedial 
action, prevents further degradation of ground water 

Statistical correlation will be developed dunng the initial monitoring phase (0 to 3 
years) and in the secondary phase (3 to 10 years) between the MET data and TDR data for the 
purpose of developing a tool to predict the performance of the final engineered cover system 
design based on weather data For example, precipitation events will be identified that are most 
likely to saturated the cover soils and penetrate the capillary barner portion of the final 
engineered cover Likewise, additional climabc data will be examined in order to assess the 
effect of weather patterns and intensity on the performance of the final engineered cover For 
example, soil temperature sensing data will be collected and evaluated to determine the effect 
of freezlng and thawing fronts on saturation of the final engmeered cover system 

Assuming that the remedial design performs as intended, MET and TDR sensors in 
the final engineered cover system will be the primary means of monitoring performance of the 
remedial action 10 years after installation of the facility FDC monitoring of the final 
engineered cover and vadose zone monitonng will be reduced in frequency as described in 
Sections V 5 1 4 and V 5 2 4, respectively 

Thirty years after installation of the facility, all of the sensors will remain in place 
Only the MET and TDR sensors will be used for data collection thereafter, as part of a normal 
operating weather station Based on the statistical correlations established dunng the 30-year 
monitoring period, weather events or climatic trends will be identified that could trigger 
additional monitoring of the unsaturated zone beneath the final engineered cover 
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The proposed long-term plan for the frequency of measurement and sampling 
depends, in part, on the effectiveness of the remedial action as determined through the ongoing 
monitonng program If the monitonng data demonstrates that a steady, predictable stabilization 
of the pore liquids is mantaned in the waste pile, then reducing the sampling frequency will be 
a reasonable course of achon Frequency of monitonng is also dependent upon the labor 
intensity of the measurement process as it affects the cost of acquiring data Scheduling and 
costing of the NPAT monitonng data acquisition is based on the assumption that substantial field 
labor will be required to acquire the data An evaluation of the cost benefit of designing and 
constructing an automatic data acquisition system for collecting and analyang NPAT data will 
be conducted before the monitonng system design is finalized Results of that evaluation will 
be presented with the final monitonng system design 

Assuming the remedial design performs as intended, no monitonng of the NPAT is 
anticipated beyond 30 years unless tnggered by data that would indicate a nse in the water table 
into the subsurface drain, or sequential detections that would indicate an increase in soil water 
content by the MET/"DR, FDC, and NPAT Sampling intervals and collection procedures for 
the PLS (pore liquid sampling) devices are discussed in Section V 5 2 
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v.9 
MONlTORING SYSTEM ABANDONMENT 

I V.9.1 Access Casing and Sensor Abandonment Procedures 

The abandonment procedures for the Rocky Flats OU4 final engineered cover 
monitonng system and vadose zone monitonng system will follow the ASTM designation 
D5299-92 entitled "Standard Guide for Decommissioning of Ground water Wells, Vadose Zone 
Monitonng Devices, Bore Holes, and Other Devices for Environmental Activities" (unless 
superseded by existing WETS SOPS) (ASTM, 1993) This standard was published formally in 
January 1993 and has been unanimously approved by the membership of ASTM The guide was 
established to cover procedures that are specifically related to permanent closure of 
environmental activlties The guide was intended for use where solid or hazardous materials or 
waste are found 

Abandonment is necessary to 

Eliminate the possibility that the sensor or access holes are used for purposes 
other than intended, 

I Prevent migration of contaminants into the subsurface aquifer 

Prevent migration of contaminants through the vadose zone 

Reduce the potential for vertical or horizontal migration of fluids in the access 
hole or adjacent to the access hole, and 

Remove the sensor or access casing from active use when the device is no 
longer capable of rehabilitation, or has failed structurally, no longer required 
for monitoring, no longer capable of providing representative samples or is 
providing unreliable samples, or, required to be abandoned, or, to meet 
regulatory requirements 

V 9 1 1 Abandonment Procedure 

The abandonment procedure will proceed in order of the following steps 

V 9 1 1 1 Planning. 

1 Records Review All available records and information relating to use of the 
monitonng device, casing, etc will be carefully reviewed This review may include 
the following information 
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l a  

l b  

I C  

Id  

l e  

If 

Review applicable Federal, state, and local regulations contacting the applicable 
Federal, state or local agency hawng junsdiction and preparation of the 
necessary documentation to start 

Collection of dnllers' logs, geophysical logs, access well construction, or 
geologic logs, including stratigraphy, structural geology, subsurface 
infomation, construction matenals, depth, hydraulic gradients (if water levels 
are avalable from other wells for its determination), legal location, date of 
installation, and photographs of the site 

Review of analytical chemical data for soil pore-water and ground water over 
the life of the site and variations in water levels over time 

Rewew of records of the repairs, modifications, or other changes made to the 
site dunng the lifetime of the site 

Evaluation of histonc, current, and planned land use 

While not directly part of the decommissioning activity, proper disposal of 
displaced fluids and other matenals (such as pulled or drilled out casing and 
cement seals) should be considered Some of these matenals may be classified 
as a hazardous waste under Federal, state, or local regulations Conduct a 
review of these regulations and appropriate analytical documentation prior to 
classifying a matenal as a hazardous waste 

Venfication of Field Data The vanety and quality of field practices and reporting 
require that the site be inspected to venfy the actual field situation prior to 
decommissioning The following list of procedures is recommended so that the actual 
condition of the site is know 

2a Inspection of casing head installation for integnty 

2b Current length measurement of the casing 

2c Water Quality Sampling and Analysis 
devices may be required for regulatory purposes 

A final sample collected from the 

2d Down-hole Inspections Including caliper logs to measure inside diameter, 
television logs to determine in-well conditions such as casing breaks, etc , 
gamma logs to venfy geologic information, if not already available, cement 
bond logs (sonic) to determine if the casing is firmly attached to grout (presently 
available for holes 2 1/2-inch (6 35-cm) or larger in diameter), flow logs (flow 
meter or spinners) to determine if flow occurs within the casing, and hydraulic 
integrity test to determine if the neutron access is intact 
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2e Venficabon of field data is an ongoing responsibility Use venfied information 
to modify plans in order that the decommissioning activity is correctly 
conducted Contmue this activity dunng the field phase and change 
specifications as needed 

Revlew of DecommissioninP Options After the records have been thoroughly 
revlewed and venfied in the field, select an appropnate decommissioning procedure 
Evaluate each possible option to determine the most appropnate method for the 
selection The following list of evaluation cntena is recommended 

3a The potential for fluid movement should be eliminated 

3b Matenals to be used in plugging must be compatible with well casing and screen 
(if left in place), and with subsurface formation and ground water, etc over the 
penod of time hazardous matenals are found at these sites 

3c Future land use (as is known at the time of decommissioning) should be 
compatible with decommissioning plans 

3d Closure options should be compatible with applicable Federal, state, and local 
requirements 

V 9 1 1 2 Implementation 

All work performed on the site should be completed by competently trained drillers, 
equipped with appropnate tools, under the direction of a geological or engineering 
professional who is qualified to certify that the decommissioning is completed 
according to the planned procedures and is consistent with applicable regulations 

l a  Approve any modifications to the proposed work plan and record in writing by 
the on-site geologist or engineer (or their representatives) prior to 
implementation 

l b  The geologst or engineer should be on-site during the field activities to verify 
that the activities are completed as planned Maintain documentation of 
decommissioning activities for the post-closure penod or period required by 
regulations (if specified) While regulations may require documentation for a 
penod of 30 years, it is advisable to continue this activity for a period lasting 
as long as hazardous materials occur at the site 

V 9 1 1 3 Decommissioning of Neutron Probe Access Tubes, Lysimeter Installations, and 
Time Domain Reflectometry Devices. 

The NPAT will not be removed as a part of the decommissioning because of potential 
erosion, settlement, and other detrimental effects that could impact the facility design 
The casing will be abandoned in place using commercially available perforating 
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equipment Since the casing will not penetrate the asphalt liner, bentonite-grouted 
perforatrons wl l  mamtain the integnty of the barner Decommissioning should be 
completed in accordance with ASTM D5299 Note that a complete discussion of 
plugging matenals, cement additives, extenders (bentonite), accelerators, retarders, 
and density improvers is found in D5299 A detaled discussion of the required 
pluggmg matenal volume, grout water, and bentonite mixing is provided in D5299 

V.9.2 Ground Water Monitoring Well Abandonment Procedures 

The compliance monitonng wells for the SEP do not penetrate the waste piles, 
therefore, abandonment procedures for the ground water monitonng system are less ngorous 
than the abandonment procedures for the final engineered cover monitonng system and vadose 
zone monitonng system Unless superseded by emsting (and more stnngent) WETS SOPS, 
ground water monitoring wells wll be abandoned in accordance with the abandonment standards 
of the State of Colorado Division of Water Resources (CDWR) 

Prior to abandonment, all well construction logs/information will be assembled and 
rewewed to determine the construction specifications of each well to be abandoned All 
monitonng wells at the SEP are to be completed into unconfined aquifers For abandonment, 
each well will be backfilled with clean sand to approxlmately 2 feet above the top of the 
screened interval Well casing will be cut off at a depth of 5 feet below land surface, and the 
remaining solid casing will be filled with grout A permanent cap will be affixed to the top of 
the casing and sealed with cement The remaining hole will then be backfilled with materials 
that are compatible with the surrounding soils 

@ 
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V 5-3 Potentlal Analyhcal Parameters for Post-Closure Ground Water Momtonngand Pore Llqwd Momtonng, OU4 !Mar 
Evaporation Ponds, Rocky Flats Environmental Technology Site, Golden, Colorado 

Contaminants 
of Part 264' Compound 

Concern' App M Suggested Analyhcal Methods (ug/L) 

Acenaphthene X 8100 
8270 

8100 
8270 

200 
10 

200 
10 

Acenaphthylene X 

Acetone X 8240 100 

Acetophenone X 8270 10 

Acetorutnle, Methyl cyamde X 8015 100 

2-Acetyl aminofluorene , 2-AAF X 8270 10 

Acrolein X 8030 
8240 

Acrylomtnle X 8030 
8240 

Wdnn X 8080 
8270 

8010 
8240 

0 05 
10 

Allyl chlonde X 5 
100 

4-Ammobiphenyl X 8270 10 

h l i n e  X 8270 10 

Anthracene X 8100 
8270 

200 
10 

Antimony X 6010 
7040 
7041 

300 
2,000 
30 

Aramite X 8270 10 

Arseruc X 6010 
7060 
7061 

500 
10 
20 

X Banum X 7080 
6010 

1,000 
20 

Benzene X 8020 
8240 

2 
5 

nzo [ a] ant hracene , Benzanthracene X X 8100 200 
8270 10 
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V 5-3 Potential Analytical Parameters for Post-Closure Ground Water Momtonngaud Pore hqwd Momtonng, OU4 Solar 
Evaporatlon Ponds, Rocky Flats Enwronmental Technology Site, Golden, Colorado 

Contamrnants 
Compound of Part 264' pq13 

Concern' App IX Suggested Analyhcal Methods (ug/L) 

Benzo[ blfluorant hene X X 8100 200 
8270 10 

Benm[k]fluoranthene X X 8100 
8270 

8100 
8270 

8100 
8270 

200 
10 

200 
10 

X 

Benzo[ alp yrene X 200 
10 

Benzyl alcohol 

Beryllium 

X 8270 20 

X 6010 3 
7090 50 
7091 2 

X 8080 
8250 

0 05 
10 

0 05 
40 

alpha-BHC 

X 8080 
8250 

del t a-BHC X 8080 
8250 

0 1  
30 

gamma-BHC, Lmdane X 8080 
8250 

0 05 
10 

Bis(2-chloroethoxy)methane 

Bis(2-chloroethy1)ether 

Bis(2-chloro-l-methylethyl) ether, 
2,2-Dichlorodiisopropyl ether 

Bis(Zethylhexy1) phthalate 

X 8270 10 

X 8270 10 

X 8010 
8270 

100 
10 

X X 8060 
8270 

20 
10 

Bromodichloromethane X 8010 
8240 

1 
5 

Bromoform, Tnbromomethane X 8010 
8240 

2 
5 

4-Bromophenyl phenyl ether X 8270 10 

Butyl benzyl phthalate, Benzyl butyl phthalate X 8060 5 
8270 10 
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V 5-3 Potentd Analytical Parameters for Post-Closure Ground Water Momtonngaad Pore hqmd Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Environmental Technology Site, Golden, Colorado I 

Contaminants 
Compound of Part 264' ni13 

Concern' App M Suggested Analytml Methods (ug/L) 

Cadmium X X 6010 40 
7130 50 
7131 1 

Carbon disulfide X 8240 5 

Carbon tetrachlonde 

Chlordane 

X 8010 
8240 

X 8080 
8250 

1 
5 

0 1  
10 

p-Chloroamhne X 8270 20 

Chlorobenzene 

Chlorobenalate 

-Chloro-m-cresol le 
Chloroethane, Ethyl chlonde 

Chloroform 

2-Chloronaphthalene 

2-Chlorophenol 

4-Chlorophenyl phenyl ether 

Chloroprene 

Chromium 

I Chrysene 

X 

X 8010 
8020 
8240 

2 
2 
5 

X 8270 10 

X 

X 

X 

8040 
8270 

8010 
8240 

8010 
8240 

X 8120 
8270 

X 8040 
8270 

5 
20 

5 
10 

0 5  
5 

10 
10 

5 
10 

X 8270 10 

X 8010 
8240 

6010 
7190 
7191 

X X 8100 
8270 

50 
5 

70 
500 
10 

200 
10 

Cobalt X 6010 70 
7200 500 
7201 10 
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V 5-3 Potential Analyticai Parameters for Post-Closure Ground Water Momtonngand Pore Lqmd Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Enwonmental Technology Site, Golden, Colorado 

Contaminants 
Compound of Part 264’ pq13 

Concern’ App M Suggested Analytical Methods (ug/L) 

Copper X 6010 
7210 

60 
200 

m-Cresol X 8270 10 

0-Cresol X 8270 10 

p-Cresol X 8270 10 

2,4-D, 2,4-Dichlorophenoxyatic aad X 8150 10 

Cymde X 9010 40 

4,4’DDD 

4,4’ DDE 

X 8080 
8270 

X 8080 
8270 

0 1  
10 

0 05 
10 

4,4’ DDT X 8080 0 1  

@Di all ate 

Dibenz[a,h]anthracene 

8270 

X 8270 

X 8100 
8270 

10 

10 

200 
10 

Dibenzofuran X 8270 10 

Dbromochloromethane, Chlorodibromomethane 

1,2-Dibromo-3-chloropropane, DBCP 

1,2-Dibromoethane, Ethylene dibromide 

Di-n-butyl phthalate 

o-Dchlorobenzene 

m-Dichlorobenzene 

X 8010 
8240 

X 8010 
8240 
8270 

X 8010 
8240 

X 8060 
8270 

X 8010 
8020 
8120 
8270 

X 8010 
8020 

1 
5 

100 
5 
10 

10 
5 

5 
10 

2 
5 
10 
10 

5 
5 

8120 10 
8270 10 
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*able V 5-3 Potentlal Analytical Parameters for Post-Closure Ground Water Momtonng and Pore Ltqwd Momtonng, OU4 Solar I 
I 

Evaporatlon Ponds, Rocky Flats Enwronmental Technology Site, Golden, Colorado I 

Compound 
Contaminants 

of Part 2u2  
Concern1 App M SuggestedAnalyticalMethods (ug/L) 

p-fichlorobenzene, 1,4-fichlorobenzene X X 8010 
8020 
8120 
8270 

2 
5 
15 
10 

3,3’-l>lchlorobenadlne X 8270 20 

trans-l,4-D1chloro-2-butene X 8240 5 

Dichlorodifluoromethane 

1,l-Dichloroethane 

1,2-Dichloroethane, Ethylene dichlonde 

X 8010 
8240 

X 8010 
8240 

X 8010 
8240 

10 
5 

1 
5 

0 5  
5 

1,l-Dichloroethylene, Vinylidene chlonde X 8010 1 

(I) rans-1 ,ZDichloroethylene 

2,CDichlorophenoi 

2,6-Dichlorophenol 

1 ,ZDichloropropane 

CIS-1 ,3-D1chloropropene 

I Dieldnn 

Diethyl phthalate 

0,O-Diethyl 0-2-pyranyl phosphorothoate, 
’lhonaan 

X 

X 

X 

8240 

8010 
8240 

8040 
8270 

5 

1 
5 

5 
10 

X 8270 10 

X 8010 
8240 

X 8010 
8240 

X 8010 
8240 

X 8080 
8270 

X 8060 
8270 

0 5  
5 

20 
5 

5 
5 

0 05 
10 

5 
10 

X 8270 10 

1 Dimethoate X 8270 10 

-@imethylamino)azobenzene X 8270 10 

,12-Dimethylbenz[a]anthracene X 8270 10 
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V 5-3 Potentml Analyt~cal Parameters for Post-Closure Ground Water Monrtonngand Pore h q u d  Moxutonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Envlronmental Technology Site, Golden, Colorado 

Contammants 
Compound of Part 2M2 pq13 

3,3’-Dimethylbenadine X 8270 10 

alpha, alpha-Dimethylphenethylamine X 8270 10 

Concern’ App M Suggested Analytical Methods (ug/L) 

2,4-Dimethylphenol X 8040 
8270 

5 
10 

Bmethyl phthalate X 8060 
8270 

5 
10 

m-Dmtrobenzene X 8270 10 

X 8040 
8270 

X 8040 
8270 

150 
50 

150 
50 

0 2  
10 

0 1  
10 

2.4-Dim trophenol 

X 

X 

8090 
8270 

8090 
8270 

* ,6-D1mtrotoluene X 

Dmoseb, DNBP, 2-sec-Butyl-4,6-dir~1trophenol X 8150 
8270 

8060 
8270 

1 
10 

Di-n-octyl phthalate X 30 
10 

1,4-D1oxane X 8015 150 

Diphenylamine X 8270 10 

Disulfoton X 8140 2 
8270 10 

Endosulfan I X 8080 
8250 

0 1  
10 

Endosulfan I1 X 8080 0 05 

Endosulfan sulfate X 8080 
8270 

0 5  
10 

Endnn X 8080 
8250 

X 8080 
8270 

0 1  
10 

0 2  
10 

2 
5 

Endnn aldehyde 

X 8020 
8240 
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V 5-3 Potentlal Analytical Parameters for Post-Closure Ground Water Moxutonngand Pore hqmd Monitonng, OU4 Solar 
Evaporatlon Ponds, Rocky Flats Enwonmental Technology Site, Golden, Colorado 

Contaminants 
Compound of Part 2 a 2  PQL' 

Concern' App M SuggestedAnalyt~calMethods (ug/L) 

Ethyl methacrylate X 8015 10 
8240 5 
8270 10 

Ethyl methanesulfonate X 8270 10 

Famphur X 8270 10 

Fluoranthene 

Fluorene 

Heptachlor 

Heptachlor epoxide 

exachlorobenzene 

Hexachlorobut adiene 

Hexachlorocyclopent adiene 

Hexachloroethane 

X 

X 8100 
8270 

X 8100 
8270 

X 8080 
8270 

200 
10 

200 
10 

0 05 
10 

X 8080 1 
8270 10 

X 8120 
8270 

X 8120 
8270 

X 8120 
8270 

X 8120 
8270 

0 5  
10 

5 
10 

5 
10 

0 5  
10 

Hexachlorophene X 8270 10 

Hexachloropropene X 8270 10 

2-Hexanone 

Indene( 1,2,3-cd)pyrene 

X 

X 

X 8240 50 

X 8100 
8270 

200 
10 

Isobutyl alcohol X 8015 50 

Isodnn X 8270 10 

Isophorone X 8090 
8270 

60 
10 

Isosafrole X 8270 10 

epone X 8270 10 
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V 5-3 Potentml Analyt~cal Parameters for Post-Closure Ground Water Morutonng and Pore Ltqud Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Environmental Technology Site, Golden, Colorado 

Contamrnants 
Compound of Part 264' PQL' 

Concern' App M Suggested Anslytrcal Methods (ug/L) 

Lead X 6010 40 
7420 1,000 
7421 10 

X 7470 2 Mercury X 

Methacrylomtnle X 8015 
8240 

5 
5 

Methapynlene X 8270 10 

Methoxychlor X 8080 
8270 

8010 
8240 

2 
10 

Methyl brormde, Bromomethane X 20 
10 

Methyl chlonde, Chloromethane X 8010 
8240 

8270 

8010 
8240 

1 
10 

10 

15 
5 

X 

X 

-Methylcholanthrene 

bromide, Dibromomethane 

Methylene chlonde, Dichloromethane X 8010 
8240 

5 
5 

Methyl ethyl ketone, MEK X 8015 
8240 

10 
100 

Methyl iodide, Iodomethane X 8010 
8240 

X 8015 
8240 

40 
5 

2 
5 

Methyl methacrylate 

Methyl methanesulfonate X 8270 10 

2-Methylnaphthalene X 8270 10 

Methyl paratluon, Parathon methyl X 8140 
8270 

X 8015 
8240 

X 8100 
8270 

0 5  
10 

5 
50 

200 
10 

10 

10 

4-Methyl-2-pentanone, Methyl isobutyl ketone 

Naphthalene 

X 

X 

8270 

8270 

,4-Naphthoqmnone 

1-Naphthylamine 

tbl-v5 3/January 1995 
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Potential Analytical Parameters for Post-Closure Ground Water Momtonng and Pore bqwd Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Enwronmental Technology Site, Golden, Colorado 

able V 5-3 

Contaminants 
Compound of Part 2645 pq13 

2-Naphthylamine X 8270 10 

Concern' App M SuggestedAnalyticalMethods (ug/L) 

I 

Nickel X X 6010 
7520 

50 
400 

o-Nitroadme X 8270 50 

m-Nitroamline X 8270 50 

p-Ni t roamline X 8270 50 

Nitrobenzene 

o-Nitrophenol 

p-Nitrophenol 

-Nitroquinoline 1-omde 

-Nitrosod:-n-butylamine 

X 8090 
8270 

X 8040 
8270 

X 8040 
8270 

X 8270 

X 8270 

40 
10 

5 
10 

10 
50 

10 

10 

I N-Ni trosodi ethyl amine X 8270 10 

N-Ni trosodimethylamine X 8270 10 

N-Ni trosodiphenyl amine X 8270 10 

N-Nitrosodipropylamine, Dm-propylmtrosamine X X 8270 10 

N-nitrosomethylethyl mine X 8270 10 

N-Nitrosomorpholine X 8270 10 

N-Nitrosopipendine X 8270 10 

I 

N-Nitrosop yrrolidine 

5-Nitro-o-toluidine 

Parathon 

Polychlonnated biphenyls, PCBs 

Pol ychlonnated dibenm-p-dioxins, PCDDs 

Polychlonnated dibenmfurans, PCDFs 

entachloroethane 

x4 

X 8270 

X 8270 

X 8270 

X 8080 
8250 

X 8280 

X 8280 

X 8270 

X 8240 
8270 

10 

10 

10 

50 
100 

0 01 

0 01 

10 

5 
10 

tbl-v5 3/January 1995 
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V 5-3 Potential Analy-hcal Parameters for Post-Closure Ground Water Momtonngand Pore hqud Momtonng, OU4 Solar 
Evaporatlon Ponds, Rocky Flats Enwonmental Technology Site, Golden, Colorado 

~~ ~~~~ 

Contaminants 
Compound of Part 264 pQL3 

Pent achloromtrobenzene X 8270 10 

Concern' App M SuggestedAnalyticalMethods (ug/L) 

Pentachlorophenol X X 8040 
8270 

5 
50 

Phenacetin X 8270 10 

Phenanthrene 

Phenol 

X X 8100 
8270 

X 8040 
8270 

200 
10 

1 
10 

p-Phenylenediamine X 8270 10 

Phorate 

2-Picoline 

ronamide 

Propiomtnle, Ethyl cyamde 

Pyrene 

Pyndine 

X 8140 
8270 

X 8240 
8270 

X 8270 

X 8015 
8240 

X 8100 
8270 

X 8240 
8270 

2 
10 

5 
10 

10 

60 
5 

200 
10 

5 
10 

Safrole X 8270 10 

Selemum 

Silver 

X 6010 
7740 
7741 

X 6010 
7760 

750 
20 
20 

70 
100 

Silvex, 2,4,5-TP X 8150 2 

Styrene X 8020 
8240 

1 
5 

Sulfide X 9030 10,000 

2,4,5-T, 2,4,5-Tnchlorophenoxyacetic aad X 8150 2 

.3,7,8-TCDD, X 8280 0 005 Y ,3,7,8-Tetrachlorodibenzo-p-dioxin 
tbl-v5 3/Jaouary 1995 
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V 5-3 Potentml Analytical Parameters for Post-Closure Ground Water Momtoring and Pore hqmd Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Flats Enwronmental Technology Site, Golden, Colorado 

Contaminants 
Compound of Part 2645 PQLS 

Concern' App M SuggestedAnalyticalMethods (ug/L) 

1,2,4,5-Tetrachlorobenzene X 8270 10 

1,1,1,2-Tetrachloroethane 

Tetrachloroethylene, Perchloroethylene, 
Tetrachloroethene 

X 8010 
8240 

X 8010 
8240 

X 8010 
8240 

5 
5 

os 
5 

0 5  
5 

2,3,4,6-Tetrachlorophenol X 8270 10 

Tetraethyl dithopyrophosphate, Sulfotepp X 8270 10 

Thallium X 6010 
7840 
7841 

X 7870 

X 8020 
8240 

400 
1,000 
10 

8,000 

2 
5 

o-Toluidine X 8270 10 

Toxaphene 

1,2,4-Tnchlorobenzene 

l,l,l-Tnchloroethane, Methylchloroform 

1,1,2-Tnchloroethane 

Tnchloroethylene, Tnchloroethene 

Tnchlorofluoromethane 

X 

X 8080 
8250 

2 
10 

X 8270 10 

X 8240 5 

X 8010 
8240 

X 8010 
8240 

X 8010 
8240 

0 2  
5 

1 
5 

10 
5 

2,4,5-Tnchlorophenol X 8270 10 

2,4,6-Tnchlorophenol 

1,2,3 -Tn chl oropropane 

,O, 0-Tnethyl phosphorothoate 

s ym-Tnxutrobenzene 

X 8040 
8270 

X 8010 
8240 

X 8270 

X 8270 

5 
10 

10 
5 

10 

10 

tbl-vS f/January, 1995 
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Potential Analyt~cal Parameters for Post-Closure Ground Water Molutonngand Pore b q u d  Momtonng, OU4 Solar 
Evaporation Ponds, Rocky Hats Enwronmental Technology Site, Golden, Colorado 

able V 5-3 

Contaminants 
Compound of Part 2 a 2  PQLS 

Concern' App M SuggeskdAnalyticalMethods (ug/L) 

vanadium X 6010 80 
7910 2,000 
7911 40 

Vinyl acetate X 8240 5 

Vinyl chlonde X 8010 2 
8240 10 

Xylene (total) 

Zlnc 

Amenaum-241 

Plutomum-239/240 

X 

X 

X 
X 

8020 
8240 

6010 
7950 

5 
5 

20 
50 

Tntium X 

X 

1 
2 
3 
4 

Contaminant of concern for OU4 soils Data collected July 1987 to May 1993 
Groundwater molutonng list, Appendix IX, RCRA Part 264 
Practical quantitanon l i n t s  for groundwater samples in ncrograms per liter 
Arochlor-1254 is the only PCB compound listed as a contaminant of concern 

1 tblpS fIJanuary, 1995 
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